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THE EFFECT OF DIET UPON THE BLOOD THIO- 
NE1NE OF THE ALBINO EAT 1 


VAN R. POTTER AND KURT W. FRANKE 
Department of Experiment Station Chemistry, South Dakota State College, 

Brookings 

TWO FIGURES 

("Received for publication June 21, 1934) 


While assaying grain samples for the new plant toxicant 
described by Franke (’34), chemical studies on blood from rats 
on a variety of dietary regimes were made. In this paper 
there will bo reported the findings for tliioncine and uric acid. 
Glutathione was determined on a few samples of blood to 
determine whether or not the thioneine variations correlated 
with glutathione concentrations. 


EXPERIMENTAL 

The rats were all of Wistar Institute origin and, with the 
exceptions of the rats on the potato diet, all were in good 
physical condition at the time of autopsy. The majority of 
the animals had served as controls in various experiments 
and bad been kept in individual cages. The rats on the potato 
diet showed poor growth and certain abnormalities which 
have been described by Kon (’31). 

Diets. The barley, corn, wheat, oats, and potato diets had 
the composition shown in table 1. 

1 Published with the permission of the director of the South Dakota Agricultural 
Experiment Station as communication no. 4 from the Department of Experiment 
Station Chemistry. 
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TABLE 1 



CORN 

OUT 

WHEAT 

DIET 

BARLEY 

DIET 

OATS 

DIET 

POTATO 1 
DIET 

Ground grain 

82.0 

82.0 

82.0 

82.0 

82.0 

Casein 

10.0 

10.0 

10.0 

15.0 

10.0 

McCollum's salt mixture no. 185 

1.0 

1.0 

1.0 

1.0 

4,0 

Cod liver oil 

2.0 

2.0 

2.0 

1.0 

2.0 

Northwestern dried yeast 

2.0 

2.0 

2.0 

1.0 

2.0 

Lard 

3.0 

3.0 

3.0 

• •« 

... 


1 The potatoes ueed in this diet were sliced, dried, and ground to a fine powder. 


The casein-sucrose low-thioneine diet had the following 
composition: 


Sucrose 

Per cent 

45 

Butter 

Per cent 

10 

Commercial casein 

20 

McCollum's salt 

3 

Northwestern dried yeast 

10 

Cod liver oil 

2 

Corn starch 

10 




This diet produces excellent growth. 
The stock diet consisted of: 



Per cent 

Wheat 

25.0 

Corn 

25.0 

Boiled oats 

20.0 

Fish meal 

10.0 

Wheat germ 

5.0 



Per cent 

Alfalfa meal 

5.0 

Ground peas 

5.0 

Cod liver oil 

3.0 

NaCl 

1.0 

CaCO $ 

1.0 


ANALYTICAL METHODS 


Blood was obtained from the abdominal aorta by the method 
of Swanson and Smith (’32). Two mg. of K 2 C 2 0< per cubic 
centimeter of blood were used to prevent clotting. The 
tungstomoiybdic acid method (Benedict, ’31) of preparing 
protein-free filtrates has been used throughout this study. 
The determination of thioneine and uric acid is essentially a 
combination of Benedict and Behre’s procedure (’31) with 
the reagents recently described by Folin (’30) . 2 

Folin’s reagents have been previously used by Salt (’31) for 
the determination of thioneine. Salt also used a uric acid 

’This investigation was completed prior to Folin’s later article (’33) which 
does not, however, affect the validity of the results presented here. 
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standard for his comparisons. Folin’s uric acid reagent is 
preferred, because it is relatively free from phenol reagent. 
Furthermore, the use of the cyanide-urea reagent, as described 
below, eliminates turbidities and the solutions may be com¬ 
pared when cold. As for color values, Folin’s uric acid re¬ 
agent gives colors which are practically identical to the color 
produced by Benedict’s reagent with equal amounts of pure 
solutions of glutathione or uric acid. Benedict’s reagent 
gives more color with thioneine than does the Folin reagent, 
but it was thought advisable to use the same reagent for both 
determinations. Pyrex test tubes 150 X 16 mm . without lip 
(Board of Health tubes) have been used. These tubes fit the 
centrifuge cups ordinarily used for 15 cc. conical centrifuge 
tubes. 

Method for determining uric acid. To 10 cc. of protein-free 
filtrate in a test tube add 2.5 cc. of acid lithium chloride 
(Benedict and Behre, ’31). Mix well, and add 2.5 cc. of silver 
nitrate solution (Benedict and Behre, ’31). Shake well, 
stopper, and centrifuge thoroughly. Carefully pour off top 
liquid into a clean test tube, and invert the tube with the resi¬ 
due on a pad of filter paper for a few minutes. This residue 
will be used for the thioneine determination. Pipette 5 cc. of 
the thioneine-free filtrate into a clean test tube, add 5 cc. of 
the cyanide-urea (with excess calcium) (Folin, ’30) followed 
by 1 cc. of uric acid reagent (Folin, ’30), noting the time. 
Both reagents should be added from burettes. Invert twice, 
and stopper with cork. At the end of exactly 4 mintues, im¬ 
merse in boiling water for exactly 2 minutes. Remove to a 
rapidly circulating cold water bath for 4 or 5 minutes, centri¬ 
fuge thoroughly for 1 or 2 minutes, and compare with a 
suitable standard, which is set at 20 mm. in the left cup of 
the colorimeter; 20/R X 0.004 X cc. dilute standard X 300 = 
mg. uric acid per 100 cc. The accurate timing during the color 
development is no hardship once a schedule has been worked 
out. In this laboratory, cyanide-urea is added to all the tubes, 
after which the color reagent is added at 10-second intervals 
to twelve tubes. The color reagent is added to a second group 
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of twelve tubes while the first group is being cooled. Twenty- 
four tubes may be run in two groups of twelve each, with but 
four standards in the series. Turbidities never occur. 

Method of determining thioneine (in terms of uric acid). 
Dissolve the silver chloride residue from the indirect uric 
acid determination (see above) in 5 cc. of cyanide-urea, add 
5 cc. of water, followed by 1 cc. of the uric acid reagent and 
proceed exactly as in the determination of uric acid above; 
20/R X 0.004 X cc. dilute standard X 100 = UA-mg. of thio¬ 
neine (thioneine in terms of mg. uric acid) per 100 cc. (whole 
blood). All thioneine values are reported as UA-mg. of 
thioneine. 

Standards for thioneine. and uric acid. The stock standard 
is prepared according to Folin (’30). For the determinations, 
four standards are prepared, using 0.5 cc., 1 cc., 2 cc., and 3 cc. 
of the dilute standard and water sufficient to make 5 cc. The 
standards are run parallel to the blood samples and the four 
described suffice for both the thioneine and the uric acid 
determinations. 

Method for determining glutathione. The method of 
Benedict and Gottscliall (’33) was used, 3 with the exception 
of the uric acid reagent for the color development, which was 
that of Folin (’30). The color produced by Folin’s uric acid 
reagent with glutathione in the conditions of this determi¬ 
nation are virtually identical with the colors produced by 
Benedict ’s reagent, and the former has the advantage of not 
giving tests for phenols. Volumes of filtrate and reagents 
were doubled throughout to facilitate color comparison. The 
authors are aware of the fact that the method has not been 
previously used on rat blood. Data presented in this paper 
show quite conclusively that the determination is not affected 
by thioneine variations in excess of 1000 per cent. 

DISCUSSION OF RESULTS 

The results of the thioneine analyses on blood from 134 rats 
on various diets are shown in figure 1. The levels as observed 
according to diet were as follows: wheat, 0.43 ± 0.18 UA-mg.; 

*Glutathione from Eastman Kodak Company was used for standards. 
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corn, 0.93 ± 0.22 UA-mg.; two samples of oats had levels of 
1.22 and 0.59 UA-mg., respectively; stock diet yielded an aver¬ 
age of 1.17 ± 0.20 UA-mg. A careful study of the data failed 
to reveal significant differences due to sex or age. 



INDIVIDUAL CASES 


Fig. 1 Results of consecutive blood thioneine determinations on 134 white rats 
on eight different diets, with mean values and standard deviations for each diet. 
Glutathione values on twenty-four consecutive cases are givon directly above cor¬ 
responding thioneine values. Thioneine values are expressed in UA-mg. (thio¬ 
neine in terms of uric acid) and jdotted in order of decreasing values. 
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Figure 1 shows that among the common cereal grains, 
barley is extremely low in the precursor for thioneine, while 
corn is rich in the precursor. The wheat mean indicates that 
wheat is also relatively low in the precursor. The figures 
presented for the two samples of oats are very interesting, 
since they show that marked variations can occur between 
different samples of the same kind of grain. The figures on 
the two samples of oats were obtained on two separate oc¬ 
casions and rats on both samples were taken each time. The 
analytical findings in figure 1 seem to prove that blood thio¬ 
neine is entirely exogenous in character. Furthermore, blood 
from young rats at weaning time has been found to be prac¬ 
tically free from thioneine. Eagles and Vars (’26) found that 
pigs which received corn diets had high thioneine levels and 
pigs on garbage or casein diets had thioneine values so low 
as to be undetectable in some cases. The glutathione values 
recorded in figure 1 show that the thioneine variations are 
not accompanied by variations in glutathione. 

Benedict, Newton, and Behre (’26) have reported thio¬ 
neine levels in various pathological bloods. They found that 
diabetics showed a tendency toward higher than normal levels, 
while nephritics had normal or low values. Their work was 
confirmed by Salt (’33). The work presented in this paper, 
showing the marked effect of diet upon blood thioneine, causes 
the clinical significance of blood thioneine findings to be 
questionable. It seems entirely possible that the dietary 
regimes of diabetic and nephritic patients might be responsible 
for their blood thioneine levels. 

Eagles and Vars (’28) suggested thiolhistidine as a pre¬ 
cursor for thioneine. This, however, seems highly improbable 
from the work of Harington,* who is of the opinion “that 
thiolhistidine either does not occur at all, or only occurs in 
the most minute quantities in the cereal protein.’’ The thio¬ 
neine levels observed in the rats on the low-thioneine diet 
are interesting, because they seem to rule out a number of 
possible precursors. Casein is comparatively rich in methio- 

* Personal communication from C. B. Harington. 
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nine (Pirie, ’32) and yeast has been shown to contain con¬ 
siderable glutathione (Tunnicliffe, ’25). Since the low- 
thioneine diet contains 20 and 10 per cent, respectively, of 
casein and yeast, it seems quite likely that neither methionine 
nor glutathione is the precursor for thioneine. The fact that 
the diet was entirely adequate indicates that it was at least 
not deficient in histidine or cystine. 

Figure 2 presents the uric acid values which were observed 
in all the blood samples used in figure 1. A survey of the 
data has failed to reveal significant differences in uric acid 
values according to diet, age or sex. The mean for the group 
of 127 rats (potato rats excluded) has been calculated and 
found to be 3.38 mg./lOO cc. with a standard deviation of 
± 1.55 mg. 

There have been very few publications regarding the blood 
chemistry of the albino rat. Folin and Morris (’13) analyzed 
the pooled blood of six normal rats and found 2 mg. of uric 
acid per 100 cc. of blood. Anderson, Honeywell, Santy, and 
Pedersen (’30) found an average of 1.86 mg. of uric acid per 
100 cc. of blood in seven rats. Turner (’20) found from 2.6 
to 3.1 mg. of uric acid per 100 cc. in the blood of twelve normal 
stock rats and from 2.5 to 3.8 mg. in sixteen control rats. With 
the exception of the report by Folin and Morris, the figures 
were based upon tungstic acid filtrates, using Benedict’s direct 
method for uric acid. 

Up to this time, thioneine estimations involving the uric 
acid reagent have utilized the silver residue remaining after 
the indirect removal of uric acid by means of the silver lactate 
—acid sodium chloride treatment of blood filtrates (Behre 
and Benedict, ’29; Benedict, Newton, and Behre, ’26; Bock- 
wood, Turner, and Pfiiffner, ’29; Salt, ’31). The author’s 
modification for the thioneine determination involves the 
use of the silver residue which is obtained in Benedict and 
Behre’s (’31) new method for determining uric acid, and 
leaves little to be desired from the standpoint of simplicity. 
Behre (’32) has questioned all methods (Benedict, Newton, 
and Behre, ’26; Bockwood, Turner and Pfiffner, ’29; Salt, 
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’31) involving cyanide as the sole alkali. She states that when 
sodium hydroxide was employed as the alkali, and a minimum 
of cyanide was used, lower thioneine figures were obtained 
(Behre and Benedict, ’29), but added thioneine was completely 
recovered. 
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INDIViDUBL CASES 


Pig. 2 Besults of uric acid determinations on 134 consecutive samples of rat 
blood in eight different diets, plotted in same order as samples in figure 1. The 
mean value and standard deviation of the entire group, excluding potato rats, is 
given. 

The authors’ method for thioneine is probably in positive 
error by about 0.075 UA-mg. Experiments in this laboratory 
have shown that aqueous solutions containing glutathione 
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equivalent to 21, 35, or 49 mg. per 100 cc. of blood give almost 
identical colors when analyzed as for thioneine, the color 
being approximately equal to that given by a solution of uric 
acid equivalent to 0.075 mg. per 100 cc. The glutathione 
values for the rats on the low thioneine diet (fig. 1) could 
therefore account for the thioneine values observed, and the 
blood of this group of animals may actually have been thione- 
ine-free. 

When silver chloride is precipitated in an aqueous solution 
of glutathione, according to the procedure for thioneine, the 
glutathione is not quantitatively carried down with the pre¬ 
cipitate. Experiments on the inhibitory effect of glutathione 
upon the uric acid determination, to be published elsewhere, 
indicate that the indirect uric acid determination may still 
be affected by glutathione. The authors were unable to make 
a thorough investigation of the accuracy of the thioneine 
method by recovery experiments or by determining the effect 
of possible interfering substances. From a theoretical stand¬ 
point, however, the method should be as accurate as that 
described by Salt (’31) and has the advantages of being much 
easier to carry out. Thioneine was expressed in terms of 
uric acid, because it was felt that the extra labor involved 
would add very little to the significance of the figures pre¬ 
sented, which are relatively correct and show clearly the effect 
of the various cereal grains on blood thioneine. It is hoped 
that these figures may prove of benefit in the search for a 
precursor for blood thioneine. 

SUMMABY 

1. Blood thioneine is shown to be entirely exogenous and the 
levels observed in 134 rats on eight different diets are pre¬ 
sented. 

2. No precursor for thioneine is suggested. The precursor 
is probably not methionine, glutathione, or thiohistidine. 

3. The average of the blood uric acid values in 127 rats is 
presented. 

4. Modified methods for the determination of uric acid and 
thioneine are presented. 
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Many investigators have studied the ability of the liver to 
store various foodstuffs in the form of glycogen. The con¬ 
version of naturally occurring hexoses (like galactose and 
fructose) into liver glycogen has been well described (Cori, 
’26; and Cori and Cori, ’27). This type of chemical trans¬ 
formation has even been suggested as a test of liver function 
(Banks, Sprague and Snell, ’33). Nevertheless, the versatility 
of this chemical synthetic capacity of the hepatic cells has 
not as yet been completely described in its qualitative aspects. 

Drury and Salter (’34) administered a series of glucose 
derivatives to rabbits whose livers had been removed. They 
found that substitution of even a single chemical group in 
the hexose molecule usually rendered the sugar useless for 
such animals. When given to normal animals (mice), how¬ 
ever, many of these carbohydrates were stored as liver 
glycogen. This paper records liver glycogen formation by 
six carbohydrates for which data in the extant literature are 
scanty or lacking. For purposes of comparative standards, 
this paper also describes the glycogen content of livers in 
fasting mice when a single feeding of glucose is administered. 

The dose of glucose used is varied in successive experi¬ 
ments, so that a considerable range of nutrition is covered. 
Glycogen storage can be demonstrated in the liver soon after 

li 
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the sugar is administered; but as fasting continues, the gly¬ 
cogen disappears. The rate of absorption, and the height of 
liver glycogen depend upon the amount of glucose admin¬ 
istered. Four sets of data are presented, representing four 
levels of carbohydrate storage. It is hoped that the data 
may serve as standard curves of reference for the study of 
carbohydrate turnover in mice. 

EXPERIMENTAL PROCEDURE 

Young, mature mice of both sexes were used for these 
experiments. The stock was fed bread, hemp and millet seed, 
crackers, cabbage, milk, and cod liver oil. Prior to the ex¬ 
periment, they were fasted for 48 hours and then fed through 
stomach tube a standard amount of sugar in solution. (The 
selection of standard amounts is described below.) The use 
of a small glass tube, suitably molded, attached to a tuberculin 
syringe, permits accurate delivery of liquid. The animals 
were allowed water ad libitum. They were kept in individual 
fruit jars in a thermostat controlled animal room at 70° F. 
At various intervals after feeding, groups of animals were 
sacrificed. 

The animals were stunned, carotid arteries cut, and allowed 
to bleed for half a minute. The liver was then removed as 
rapidly as possible and dropped into a tared tube containing 
1.5 cc. of 60 per cent warm potassium hydroxide. Each tube 
was stoppered with a glass bulb, to the undersurface of which 
a stirring rod was attached. The tissue was speedily dis¬ 
integrated. The tube was then cooled and weighed again. 
Ligatures were next placed about the esophagus and rectum 
and the gastro-intestinal tract removed to a beaker. The 
contents of the gut were then washed out with several suc¬ 
cessive portions of hot water, and collected in a volumetric 
flask. In this manner, unabsorbed sugar could be determined. 

CHEMICAL METHODS 

The chemical procedures followed were essentially those 
described by Cori (’25 a). Glycogen was precipitated after 
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3 hours’ digestion (in aqueous potassium hydroxide at 
100° C.) by adding water and alcohol. Two methods were 
employed in the final estimation of the sugar produced by 
acid-hydrolysis of the glycogen. The colorimetric method of 
Folin (’29) proved as accurate as the iodometric titration 
method of Somogyi, modified from Shaffer-Hartman (Shaffer 
and Somogyi, ’33), but the latter conveniently obviated pre¬ 
liminary determinations of glucose for approximate concen¬ 
tration. 

The washings from the gut were deproteinized with colloidal 
iron as described by Cori (’25 b). The filtrates were then 
analyzed for reducing substance. Control, fasted animals 
yielded negligible values by this procedure. 

The accuracy of the experimental procedure was controlled 
by several parallel experimental manipulations. Delivery 
from the syringe was much more constant than the biological 
reaction of the animals. The intestines and stomachs of 
fasted animals yielded negligible reducing values. Livers of 
48-hour fasted mice contained (apparently) 0.07 per cent of 
glycogen which was allowed as a blank. The accuracy of the 
glycogen determination itself was tested by preparing glyco¬ 
gen from mouse livers by the method of Pfiiiger, modified 
by Cori (personal communication), and then analyzing known 
amounts, both separately and when added to fasting liver 
tissue. The recovery of added glycogen was 95 ± 3 per cent 
of theoretical. 


INGESTION LEVEL 

All the results here reported concern the fate of carbo¬ 
hydrate solutions delivered into the stomach. The maximum 
amount which can be administered in this fashion depends, 
first, upon the capacity of the stomach and, secondly, upon 
the tolerance of the gut to irritating hypertonic solutions. 
Mice weighing about 25 gm. were selected, and solutions so 
made up that about 1 cc. of solution was given. The actual 
amount of sugar to be administered was determined by the 
weight of each animal. Regurgitation and diarrhea were 
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carefully looked for, and such animals excluded. Even in 
the absence of diarrhea, the intestine may be markedly dis¬ 
tended by fluid soon after feeding a large amount of sugar. 

It was found that the gut tolerates more of glucose than 
of most other sugars. Accordingly, glucose feeding was con¬ 
ducted at several distinct levels (maximal, two intermediate, 
and low) so that the effect of other sugars could be compared 
at similar ingestion levels. 

SPECIAL CARBOHYDRATES STUDIED 

Of the special carbohydrate substances used, five were 
hexose derivatives. These included sorbitol, glucosamine, 
gluconic acid, and the two glucosides of methyl and ethyl 
alcohol, respectively. The chemical configuration of these or 
similar compounds is given by Herring, Irvine and Macleod 
(’24), as well as by Armstrong (’24). The sorbitol was pur¬ 
chased from Pfanstiehl Company. The gluconate (calcium 
salt) was generously contributed by Sandoz Chemical Com¬ 
pany. The other hexose derivatives were prepared in this 
laboratory: e.g., a-ethyl d-glucoside. 

In addition, a glycerol derivative, propylene glycol (pro- 
pane-diol 1, 2) was also tested. This propylene glycol was 
obtained from the National Carbon Company through the 
courtesy of Dr. Reid Hunt. 

EXPERIMENTAL DATA FOR GLUCOSE 

Table 1 shows both the change in liver glycogen concentra¬ 
tion and in the fraction of the glucose fed which was recovered 
as glycogen. Two sets of data are given for the mammal 
dosage curve, one obtained during the winter months and the 
other in the summer. No significant difference is evident. 
For the latter curve, pedigreed inbred black mice were em¬ 
ployed as well as stock white mice. They showed no obvious 
difference in behavior. 

The maximal level is presented in duplicate. This last level 
represents the maximum amount of glucose which the gastro¬ 
intestinal tract would tolerate consistently. 
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Recovery of liver glycogen in mice after feeding glucose in various doses 
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The rate of intestinal absorption for the highest level is 
given in table 2. These data for mice, obtained by a method 
similar to Cori’s (’26) procedure in rats, show a somewhat 
different trend in relation to time from the results obtained 
on rats. 

Figure 1 shows that the postprandial content of glycogen 
in the liver becomes progressively higher as increasing 

TABLE 2 


Intestinal absorption in mice after feeding glucose and derivatives of glucose 
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CARBOHYDRATE FED 


Hours 

i 

3 

Per cent 

24.6 


i 

4 

59.2 


1 

6 

78.8 

Glucose 

2 

2 

91.4 


3 

4 

95.7 


4 

5 

96.5 


5 

3 

96.9 


h 

3 

77.8 


i 

3 

61.6 


u 

3 

74.7 

Propylene glycol 

2 

6 

81.8 


3 

8 

84.7 


5 

3 

93.7 

- 

7 

6 

93.6 

Glucosamine 

o 

3 

45.4 

r, 

4 

80.6 


2 

3 

46.1 

Ethyl glucoside 

5 

1 

58.2 


amounts of glucose arc administered. The limiting value is 
fixed, not by the liver, but by gastro-intestinal tolerance to 
a single large feeding. That is, up to the point where diarrhea 
interferes, liver glycogen concentration is greater when larger 
amounts of glucose are fed. 

By way of contrast, the fraction of fed glucose which the 
liver stores remains nearly the same despite wide variation 
in the actual amount fed. This is not true when a very small 
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amount of sugar is fed; but applies over a considerable range 
of dosage. ^Figure 2 shows that the total glycogen stored in 
the previously fasted liver is roughly proportional to the 
amount of glucose fed, provided that the dose of sugar is a 
significant portion of the maximal dose which is tolerated. 



Fig. 1 The figures attached to each curve indicate the grams of glucose fed 
per 100 gm. of mouse. For 0.7 gm., both a winter and a summer curve are given. 


EXPERIMENTAL DATA FOR SPECIAL CARBOHYDRATES 

The results of the liver glycogen determinations after 
feeding derivatives of glucose are presented in table 3. 
Results are calculated in terms of total glycogen recovered, 
as well as in terms of the per cent of glycogen in the liver. 
The figures are plotted in figure 3 for comparison with the 
(similarly fed) molecular equivalents of glucose, given in 
figures 1 and 2. 

THE JOURNAL) OF NUTRITION, YOU. 9, NO. 1 
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Fig. 2 The symbols attached to each curve have the same significance as in 
figure 1. 



Fig. 3 The amounts of each carbohydrate fed are given in table 3. For ethyl 
glucoside, data are plotted as obtained in two separate years (1931 and 1934). 





Molecular glucose— Molecular glucose— Molecular glucose— Molecular glucose— Molecular glucose— Molecular glucose— 

equivalent: 0.217 gm. equivalent: 0.23 gm. equivalent: 0.1 gm. equivalent: 0.1 gm. equivalent: 0.370 gm. equivalent: 0.75 gm. 

per 100 gm. of mouse per 100 gm. of mouse per 100 gm. of mouse: per 100 gm. of mouse per 100 gm. of mouse' per 100 gm. of mouse 
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Recovery of liver glycogen in mice after feeding derivatives of glucose 
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Figure 4 shows the percentage recovery (in the liver) of the 
carbohydrate fed. This figure, like figure 3, describes in¬ 
creases in liver glycogen; but relates it to the amount of the 
carbohydrate fed, rather than to the weight of fresh liver 
in which it was stored. 

Data are also presented in table 2 to illustrate the rate of 
absorption as evidenced by analysis of intestinal contents. 



Fig. 4 These curves correspond to the data, in figure 3, recalculated. 


In the case of propylene glycol, the analytical method was 
the chromate oxidation described by Strebinger and Streit 
(’24) for the analysis of glycerine. The conversion factor 
was determined by analysis of known amounts of propylene 
glycol. This method is crude, because there was a large blank 
due to naturally occurring oxidizable matter in the intestine. 
The results are significant, therefore, only in indicating 
roughly how soon absorption was approximately finished. 

DISCUSSION 

It should be emphasized that these results apply only to 
the history of a single carbohydrate meal administered to 
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fasting animals. The highest liver glycogen contents, here 
reported, do not attain the levels reported in the literature 
for continued high ingestion of carbohydrates. As might be 
expected, the concentration of glycogen in the liver rises 
higher when the glucose meal is larger. 

One might expect a certain amount of glucose to be immedi¬ 
ately burned. Indeed, our results with a very small glucose 
meal indicate very little storage in the liver. Above this level, 
however, it is not obvious why the fraction selected for 
deposition in the liver should remain a constant aliquot of 
the glucose fed. 

Because of the limit imposed by gastro-intestinal tolerance, 
none of the substances here tested could be used in amounts 
as high as the maximal glucose ingestion. Nor is the storage 
of any of them better than that of glucose; indeed, two failed 
of as complete absorption as the glucose equivalent. Never¬ 
theless, all showed undoubted evidence of glycogen storage, 
and its subsequent glycogenolysis as fasting proceeded. How 
much sugar was directly or indirectly utilized by the tissues 
at large was not determined in this work. It is believed, 
however, that the paying out of stored glycogen as fasting 
continued is good evidence that these substances are available 
as foods. 

One word of caution is necessary as to the interpretation 
of the results. These substances were given to intact animals. 
The effect of intestinal action is, therefore, merged in the 
net effect produced. That sucrose, given parenterally, acts 
as a foreign substance is well recognized. It is conceivable 
that some of these compounds would not be utilized by an 
animal whose gastro-intestinal tract had been removed, even 
though the liver remained intact. 

The effect of methyl glucoside is interesting. Its toxicity 
is apparent because the animals died an hour or two after 
feeding. Nevertheless, glycogen storage within the liver was 
indubitable a short time before death, as the analyses showed. 
The lethal effect is presumably due to progressive liberation 
of methyl alcohol. Similarly, the results obtained with ethyl 
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glucoside were erratic, presumably because of the profound 
anaesthetic effect produced during the first day after feeding. 

No attempt has been made in this paper to review the litera¬ 
ture pertinent to these compounds, which have not been 
extensively studied as sources of energy for mammals. Drury 
and Salter (*34) have given references to a few such investiga¬ 
tions, most of which have been concerned with the relief of 
insulin hypoglycaemia, or with organ perfusions. 

SUMMARY 

When the fasted mouse is fed a single large amount of 
appropriate carbohydrate, much of this is stored in the liver 
as glycogen. In the case of glucose, the maximal amount 
stored is roughly proportional to the amount fed, despite 
wide variation in the actual concentration of liver glycogen. 
As fasting proceeds, the stored glycogen is released from the 
liver. Standard curves are presented which illustrate this 
process in mice at various levels of glucose feeding. 

For comparison, the storage and discharge of liver glycogen 
was followed after the ingestion of sugar derivatives in 
equivalent amounts. Five simple derivatives of glucose 
(sorbitol, gluconate, glucosamine, and the glucosides of methyl 
and ethyl alcohol) were studied, and one triose derivative 
(propylene glycol). All increased liver glycogen. 

The results are compared with the effect produced by the 
molecular equivalent in glucose. 
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The earliest reference to the effect of phosphorus on bones 
was made by Wegner (1872). This investigator, working in 
Virchow’s laboratory, stated that elementary phosphorus in¬ 
creased bone formation in growing animals and birds. 
Kassowitz (1884) claimed that elementary phosphorus stimu¬ 
lated repair of rachitic bones while Kissel (1896) reported 
no bone changes from the feeding of phosphorus. Phemister 
(’18) confirmed Wegner’s (1872) and Kassowitz’ (1884) 
observation that phosphorus was productive of bone forma¬ 
tion. Wegner, Kassowitz and Phemister all fed elementary 
(red or yellow) phosphorus in daily doses of 1/100 to 1/400 
of a grain. Sherman and Pappenheimer (’21) reported that 
the addition of alkaline potassium phosphate to a rachitiogenic 
diet (high in calcium and low in phosphorus) prevented 
rickets in rats when 0.4 per cent of the phosphate was added 
to, and an equivalent amount of calcium withdrawn from that 
diet. Hess and Unger (’22) and others have confirmed 
Sherman and Pappenheimer’s observation. McCollum, Sim- 
monds, and Shipley (’22 a) showed that the addition of 2 per 
cent of cod liver oil to a rachitiogenic diet, high in calcium and 
low in phosphorus, was curative of rickets in rats. Phemister, 
Miller and Bonar (’21) have reported that phosphorus, or 
phosphorus plus cod liver oil, produced similar (x-ray) results 
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in bone development. Two of the children fed phosphorus 
only in addition to their previous deficient diet during the 
fall and winter showed roentgenologic signs of cure of marked 
rickets. McCollum, Simmonds, Shipley and Park (’22b) 
reported that starvation of rats, made rachitic on a high 
calcium low phosphorus diet induced a cure of the rickets 
at the expense of other tissues of the body. Cavin (’24) 
reported that if rats were made to fast after having been 
made rachitic (on a high calcium low phosphorus diet) bone 
repair occurred, but convulsions and death followed. Hess 
and Weinstock (’26) disagreed with Wegner (1872), Kasso- 
witz (1884) and Phemister (’18) with the statement that 
elementary phosphorus leads only to the production of ‘phos¬ 
phorus bands’ at the epiphyses of the bones of rachitic rats 
and not to true healing. Karlitz and Shohl (’28) reported 
that the addition the salts of phosphorus (Na 2 IIP0 4 ) to 
a rachitiogenic diet (high in calcium and low in phosphorus), 
on which rats had been made rachitic, produced cure of the 
rickets, but in some was followed by carpopedal spasm, con¬ 
vulsions and death. Wilder (’28) questioned the findings of 
Karlitz and Shohl on the grounds that the animals studied by 
these authors “refused the phosphate diet to the extent of 
considerable loss of weight” and reported that the type of 
results shown can be produced by fasting as previously re¬ 
ported by McCollum et al. and Cavin. Lilly and Newburgh 
(’31) made a preliminary report that the addition of water- 
soluble extract of yeast and sodium phosphate (Na 2 HP0 4 ) 
to a rachitiogenic diet (high in calcium and low in phospho¬ 
rus), on which rats had been made rachitic, produced x-ray 
evidence of cure of the rachitic changes in such rats. Bloom 
(’32) reported that “the substitution of di-calcium phosphate 
for calcium carbonate in a rickets-producing diet resulted in 
the prevention and cure of rickets in albino rats.” These 
conflicting opinions prompted us to further studies regarding 
the action of phosphates on rachitic rats. 



EFFECT OF PHOSPHATES ON RICKETS 


27 


EXPERIMENTAL STUDIES 

Forty-five albino rats, 28 to 31 days old, were placed in 
a warm, well-ventilated, dark room. These animals were from 
the twelfth and thirteenth generations of our own in-bred rat 
colony. Their weights ranged from 65 to 85 gm. They were 
fed Steenbock and Black (’25) rachitiogenic diet no. 2965. Dis¬ 
tilled water was given as desired. Thirty-three days later, 
x-ray examinations were made. All of the animals showed ad¬ 
vanced rachitic changes. The animals were returned to the 
dark room and divided into three groups. 

Group I. Fifteen rats (nos. 31-45) were continued on the 
Steenbock-Black rachitiogenic diet no. 2965. 

Group II. Fifteen rats (nos. 1-15) were fed the Steenbock- 
Black rachitiogenic diet no. 2965 to which 0.03 per cent of 
irradiated ergosterol (viosterol 250 D) by weight was added 
and thoroughly rubbed up in the food. This gave this diet a 
vitamin D (curative) value equal to that shown by McCollum, 
Simmonds and Shipley (’22) .* 

Group III. Fifteen rats (nos. 16-30) were fed the Steenbock- 
Black rachitiogenic diet no. 2965 to which sodium phosphate 
(Na 2 HP0 4 ) was added in amounts sufficient, to give the diet a 
0.04 per cent value in secondary phosphorus. This is a 
phosphorus value sufficient to prevent rickets in rats as shown 
by Sherman and Pappenheimer (’21). 

These diets were continued for 33 days. 

For the last 33 days of the test the average gain in weight 
for group I was 21.5 gm. per rat; for group II, 35.5 gm. per 
rat; and for group III, 46.5 gm. per rat. 

One animal of group I died of an undetermined cause during 
the experiment. No convulsions, spasms or nervous irrita¬ 
bility was observed in any group of animals. 2 

*A standard viosterol (250 D) has a vitamin ‘D* value 100 times that of a 
standard cod-liver oil. 

*Wc have repeatedly observed carpopedal spasm and death in rats fed Steen¬ 
bock's no. 2965, and on a few occasions convulsions, when the animals were losing 
weight, but have not observed these conditions when phosphates were added 
to the diet. 
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Roentgenologic observations. Roentgen examinations at 
the end of this second feeding period showed the following: 

Group I. A greater x-ray evidence of rachitic changes than 
before. 

Group II. X-ray evidence of healed rickets. 

Group III. X-ray evidence of healed rickets equal to that of 
group II. 

The entire series of rats on rachitiogenic diet no. 2965 at 
the end of the 33 days showed unmistakable roentgen evidence 
of active rickets with frayed bulbous metaphyses, lack of 
ossification of the growing bone with marked widening of the 
cartilaginous area between diaphysis and epiphysis, and some 
bowing of the long bones. The more marked changes, as 
would be expected, appeared at the wrists and knees of the 
animals. Similar changes were apparent at the proximal 
epiphyses of the humeri and femurs. The elbow was not so 
markedly involved, these epiphyses usually being well formed 
at an early period. 

The group of controls which were continued on the rachitio¬ 
genic diet without corrective adjuvant showed progression of 
the deformities and non-ossification of the metaphyseal area. 
The cortical bone had not been notably disturbed. A specimen 
rat from this group is shown in the roentgenograms of plate 1. 

The group of rats which received diet no. 2965 with irradi¬ 
ated ergosterol added demonstrated at the end of the 33-day 
period correction of the former rachitic interruption of bone 
growth. No marked cross striae of condensation were de¬ 
veloped in the ends of the diaphyses. Some of the curvatures 
and widening of the transverse diameter of the metaphyseal 
portions of the shaft persisted, as would be expected. The 
epiphyseal growth disc again took on a smooth contour, of 
normal depth. The cortex of the shafts was relatively un¬ 
changed. A specimen rat from this series is shown in the 
roentgenograms of plate 2. 

The third group which received diet no. 2965, but with the 
addition of sodium phosphate only, also showed at the end of 
the 33-day period on roentgen examination correction of 
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the former rachitic disturbances. In these also the epiphyseal 
disc had resumed a normal depth, and smoother contour, the 
ossification of proximate portions of the long bones apparently 
normal. In these animals no notable increase in density of 
the diaphyses in cross-striae is found. The cortical bone re¬ 
mained normal in architectural pattern. Some of the previous 
deformities in the form of curvature and increase of the 
diameter of the metaphyseal portions of the shafts were of 
course, not corrected. A specimen rat from this group is 
shown in the roentgenograms of plate 3. 

Chemical findings. At the conclusion of the experiment the 
rats were killed and the right femur removed from several 
animals in each group. The bones were cleaned mechanically 
to remove all loose tissue and were dried at 100° for 1 week. 
Each bone was broken, extracted in a Soxhlet apparatus, 
with alcohol for 10 hours and with ether for another 10 hours, 
and again dried. Each bone was ashed at a dull red heat in a 
muffle furnace and the percentage of total ash on the moisture- 
free weight determined. The ash was then dissolved in a 
dilute hydrochloric acid, made to a convenient volume, and 
aliquots were used for the estimation of calcium by the method 
of Tisdall and Kramer (’21) and of phosphorus by the method 
of Fiske and Subbarow (’25). The results are presented in 
the following table: 


Ash of femurs 


GROUP 

ASH or MOISTURE'FRKiB, 

i 

CALCIUM OF 

PHOSPHORUS 

CALCIUM 

FAT-FREE BONES 

ASH 

OF ASH 

PHOSPHORUS 


per cent 

per cent 

per cent 


I 

29.4 

38.4 

16.0 

2.39 

II 

53.4 

40.6 

17.3 

2.34 

III 

58.7 ! 

39.6 

17.7 

2.24 


It is evident from these data that the femurs of the 
phosphate-treated rats (group III) are calcified to at least 
as great a degree as those of the rats receiving the viosterol 
(group II). 
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Histologic changes. At the conclusion of the feeding period 
one of the femurs of a rat from each group was prepared in 
the Department of Pathology for microscopic examination. 

Comparative photomicrographs are shown in plates 1 to 3. 
The animal that remained on the unmodified diet, the original 
no. 2965, showed the typical rachitic fragmentation of carti¬ 
lage and disorganization of the bone and cartilage. Both the 
animal receiving irradiated ergosterol and that receiving 
sodium phosphate added to the rachitiogenic diet demon¬ 
strated histologic evidence of previous rachitic change. There 
was some persistent irregularity in alignment of the carti¬ 
lage columns of the epiphyseal disc and some residual frag¬ 
mentation. In detail, however, the zone of primary calcifi¬ 
cation, the cartilage columns, and the resting cartilage had 
resumed normal proportions and a normal character of 
individual cells in both of the treated rats. The trabeculae of 
the shaft proximal to the zone of primary calcification in the 
phosphate specimen did not show appreciable difference from 
the irradiated ergosterol specimen. 

The depth of osteoid tissue proximal to the epiphyses in the 
untreated animal was in striking contrast to the lack of a 
broad osteoid zone and the marked organization of new 
trabeculae in both treated specimens. 

It is of note that the roentgen evidence of apparent cure 
is not completely supported by the histology of the tissue. 

From the histologic standpoint the addition of basic sodium 
phosphate to the rachitiogenic diet corrects a rachitic animal 
equally as well as the administration of irradiated ergosterol. 
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DISCUSSION 

Particular comment has been made above on the resumption 
of normal architectural pattern of the epiphyseal discs and 
the metaphyseal portions of the shafts without demonstrable 
sclerosis. Previous observers, notably Hess and Weinstock 
(’26), have called attention to a band of increased density of 
bone in a shaft which they attributed to phosphorus (the 
‘phosphorschicht’). This appeared, however, with the use 
of yellow phosphorus. Phemister (’18) also described a 
zone of increased longitudinal trabeculae in the ends of the 
shafts. It is of note that Phemister and his associates (’21) 
reported a complete correction of rickets in two severe cases 
by the addition to the previous dietary of 1/100 to 1/150 
grain of phosphorus thrice daily. In contrast to the observa¬ 
tions of Hess, our series of experimental animals which re¬ 
ceived sodium phosphate did not show ‘phosphorus bands.’ 

Further, changes in the character of the cortical bone were 
described by earlier observers with the administration of 
phosphorus. We did not find such to be the case in the 
experimental series. 


CONCLUSIONS 

Rickets was produced in white rats by a diet high in calcium 
and low in phosphorus. The subsequent addition of phos¬ 
phates to this diet, caused x-ray, chemical, and histological 
evidences of healing, at least equal to that caused by the ad¬ 
dition of irradiated ergosterol (viosterol) to the diet of 
another group of rats previously made rachitic in the same 
maimer. No neuropathic symptoms were noted in any animal 
of any group, and no ‘phosphorus bands’ were present in any 
specimen. 

We wish to express our appreciation of the advice of Dr. 
L. H. Newburgh and the assitance of Dr. C. V. Weller during 
this experiment. 
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PLATE 2 



Rat no. C> (0r*ou|» II) diet 2fMi5 only for 3.'1 days, irradiated ergostciol (0.0, 4 » per 
cent by weight) added for 33 days. 

a Roentgenogram at end of first period on raehitlogonir diet. Comp,‘liable 
changes to that of the specimen of group T. 

h Roentgenogram at end of second or coneetive period. X ra\ evidenee of 
eure of previous growth disturhanee of epiphyseal junetion. 

e Photomicrograph of longitudinal section of femur (distal end). Residual 
irregularity of line of cartilaginous zone. Hut more lioimal depth than in group T. 
Xormal depth of prinarv zone of calcification. No marked condensation of longi¬ 
tudinal trabeculae. 

d Photomicrographic detail - good alignment and character of cartilage, 
normal zone of primary calcification, normal development of marrow spaces. 
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I?;it no. ”<> (gioup IT1) diet 2!K>5 1*oi 33 days plus sodium phosphate (Na a III*() 4 ) 
for 33 more* da\s. 

a Koentgenogram «*it end of tiist period (did 2JM>5 only). Active rachitic 
Hump's ;it growth zones. 

1) Roentgenogram at end of second period (diet LMXif) plus Na.iIP() 4 ) x-ray 
e\ idencr ot eure oi lickets. Resumption of normal architecture at growing zones. 

e Photomicrograph longitudinal section of distal end of femur residual 
irregularity of epipl»\seal disc line normal depth of zones—little \nnation from 
specimen of group II. 

d Photomicrographic detail. No greater number of longitudinal trabeculae 
in melaphvsis limn in group JI. No broad osteoid zone. Aethe growth of medul¬ 
lary area, Good resumption of noimal cell alignment. 
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CATARACT IN RATS FED ON HIGH LACTOSE 

RATIONS 


HELEN S. MITCHELL AND WARREN M. DODGE 
Nutrition Laboratory, Battle ('ml: Colhye, and Bye i)t partmeat, Buttle Creel 
San it an urn, Battle ('red:, Mich . 

TWO FIGURES 

(Km'ivnl for publient ion June 80, 1MI) 

Tile occurrence of nutritional cataract in rats has been 
reported previously, but the etiological factors are not well 
established in spite of several contributions to the subject. 
At least three groups of woikers have associated lens changes 
with a vitamin (« deficiency. Day, Langston and O’Brien 
(’.'ll), Langston and Day (’8.‘?) and Day and Langston (’.‘14) 
conclude that cataract, conjunctivitis, and keratitis develop 
in gray or albino rats deprived of vitamin (1 in nearly 100 per 
cent of the cases. O’Brien (’112) and Yudkin (’.‘l.'l) have 
obtained cataract in animals deprived of vitamin (f at an 
early date, whereas no cataract has developed in older ani¬ 
mals. The latter concludes that at the present, stage of our 
knowledge “we are not justified in attributing tlit* formation 
of cataract to the lack of (I alone.’’ He reports furthermore 
that rats showed inflammatory and other ocular changes ac¬ 
companying opacity of the crystalline lens. Ourtis, Ilauge 
and Kravbill (’.‘12) have found lens opacities apparently due 
to a tryptophane deficiency and make no mention of vitamin (I 
as a significant factor. A recent paper by (’haikoff and Lach- 
man (’.‘l.'l) reports the occurrence of cataract associated with 
long-standing experimental diabetes in depancreatized dogs 
in which the ration had apparently been adequately supplied 
with protein and vitamins. The lens changes are att ribnf ed to 
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the fact tlmt the diabetic condition had existed over a con¬ 
siderable period of time. 

The various types of experimental cataract reported by 
these workers do not seem to point to any common etiological 
factors. The data reported in this paper suggest a metabolic 
disturbance rather than a vitamin or amino acid deficiency as 
the cause of the cataractous changes. Mature or markedly 
advanced cataracts have occurred in all rats fed a synthetic 
laboratory ration in which excessively high levels of lactose 
were the sole source of carbohydrate. Control animals fed 
on si arch, maltose, dextrin or sucrose, respectively, as the 
only carbohydrate, in an otherwise similar ration, have never 
developed any ocular abnormalities. The accidental observa¬ 
tion of mature cataract in the first three rats which had 
received a 70 percent lactose ration in connection with another 
experiment stimulated the present investigation. 


I’RCK'EDURE 

The rations consisted of 70 per cent carbohydrate*, In per 
cent casein, 5 per cent (Osborne and Mendel) salt mixture, 
0 per cent ('risen and 2 per cent cod liver oil fed ad libitum 
plus adequate daily doses of vitamin B complex in the form 
of 0.5 gm. dry brewer's yeast, led separately. Special pre¬ 
cautions were taken to reinforce both the vitamin A and (J 
supply to avoid these as complicating factors. 

Rats on the 70 per cent lactose ration receiving four times 
the usual dose of dry brewer's yeast (2 gm. daily) developed 
cataract as soon as control rats from the same litter receiving 
the usual amount of yeast (0.5 gm. daily). Furthermore, 
there was no evidence at. any time of a vitamin (1 deficiency. 
Growth was slightly subnormal on the 70 per cent, lactose 
ration, but normal on the lower levels. All control rats on 
the other sources of carbohydrate grew normally with the 
0.5 gm. of yeast as a daily supplement. The rats on the 
lactose rations appeared as sleek and well nourished as the 
control rats aside from the fact that they wore blind. Young 
animals when first put on the ration often had a diarrhea 
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which later subsided, although the stools frequently continued 
to be softer than those of rats on other carbohydrates. This 
condition might partially account for the retarded growth 
in young rats fed the 70 per cent Inclose ration. The very 
lack of other striking abnormalities is in itself a significant 
finding. 

Lest the lactose from one source might contain some un¬ 
known contaminant, a <\I\ grade from another source was 
used in a limited number of cases with exactly the same results 
as those obtained with the less expensive grade of the sugar. 



A, Normal isit. B, rat with cataract resulting from a 70 per cent lactose ration. 


Beta-lactose was also used for comparison with the regular 
commercial form with the similar outcome. Thus it would 
appear that lactose, per se, must have been the significant 
factor in all cases. 

Weekly ophthalmoscopic examinations were made on the 
eyes of both experimental and control animals. During this 
routine procedure the observer purposely remained ignorant 
of the ration of the specific animals, in order to avoid any 
unconscious prejudice in reporting findings. A detailed 
description of the ophthalmoscopic appearance of these lens 
opacities is significant. Oftentimes the earliest lens changes 
were noticed from one to several weeks before distinct 
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opacities wore observed ami recorded. In tabulating results 
those animals which were not examined early, or those which 
wore not recorded when tir.st observed, are considered sepa¬ 
rately. 

The development of cataractous changes may sliow con¬ 
siderable variation in type. The progressive lens opacities 
may begin first as a zone of defraction, a fine line in the lens 
around the periphery of the nucleus. As the beam ol light 
is shifted by moving the ophthalmoscope from one position to 
another, the zone of detract ion appears in one place and 
disappears in another. I»y this means the nucleus of the 
lens can be outlined in its entirety. The second step in Ihis 
process is an increase in the size, width and density of this 
zone of detraction. This progresses with greater or lesser 
rapidity until there is often a ring of opaeih outlining 
the entire nucleus of tin 1 lens, followed by a complete opacity 
of the nucleus if Ihe progress is continuous. 

A second form of lens change often found is a cortical 
opacity developing in the zonular region. This is located 
under the anterior lens capsule. The cortical opacities appear 
most frequently in the region of 1 he ciliary body. First, one 
or several discrete Hake opacities appear which frequently 
progress and coalesce until the entire lens is opaque. In a 
few of the eyes observed this opaque area appeared as a line 
lace work, especially in those animals which had received an 
incensed amount of sodium chloride in Ihe diet. 

A third form of cataract development is a combination of 
the first and second. A zone of defraction develops and sooner 
or later cortical opacities also appeal, or vice versa. The 
process may then continue to complete opacity or remain 
immature. This combination is by tar the most common 
form of opaeih development. In fact, those confined to corti¬ 
cal or nuclear portions of the lens alone are infrequent. In 
determining tin* type ol opacity the ophthalmoscopic appear¬ 
ance alone was the criterion, no use being made of the slit 
lamp or the microscope. 
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Histological preparations were made of a few typical speci¬ 
mens by the celloidin method and stained with hematoxylin 
and eosin. The microscopic picture of the cataractous lens 
is typical. The microscopic appearance of the cornea, sclera, 
ciliary body and retina is normal, the same as that of the 
normal control eyes. Thus there is no evidence of the type of 
pathology usually associated with a vitamin A deficiency. 

RESULTS 

The summary of findings given in table 1 shows the number 
of mature and immature cataracts occurring in each ration 


TABLE 1 

Incidence of cataract in rats on different types and amounts of carbohydrates 


RATION 

gs 


PROGRESS OF CATARACT DEVELOPMENT 

PERCENTAGE 

SHOWING 

fi 5 
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First 

Mature 

Immature 




*3 

« E- 

appearance 

cataract 

cataract 

None 

Any lens 
changes 
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< 

Number 

J Weeks | Number 

Weeks 

Number 

Weeks 



70% 


days 

if 18 

; 

5.0 1 


10.0 






49 

26 

33 

16 

22 

0 

100 

68 

lactose 

(31 

1.3 







70% 

lactose 

70 % lac- 

4 

60 

4 

8.0 

2 

15.5 

2 

31 

0 

100 

50 

tose -f* Ca 
gluconate 

5 

26 

5 

2.4 

3 j 

13.0 

2 

12 

0 

100 

j 60 

50% 

26 

25 

P 3 

8.0 1 

7 

17.0 

18 

34 

1 

96 

* 

27 

lactose 

50% 

(13 

1 

2.4 

i 

! 









lactose 

2 

60 

1 

13.0 



1 

31 

1 

50 

0 

30% 

lactose 

30% 

6 

23 

6 

3.6 



6 

37 

0 

100 

0 

lactose 

70% 

2 

60 


i 





2 

0 

0 

starch 

16 

27 i 







16 

0 

o 

70% 

dextrin 

70% 

14 

; 

25 ; 







! 14 

0 

0 

maltose 

4 

23 







4 

0 

0 

50% 

maltose 

50% 

2 

26 







2 

0 

0 

sucrose 

2 

26 


_____ 





; 2 I 

0 

0 


t Not examined during early weeks on the experiment. 
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group and the average number of weeks required for the 
development of these changes. Rats on the 70 per cent lactose 
ration showed progressive cataractous changes in all animals 
leading to mature bilateral cataract in 08 per cent of the cases. 
Rations containing lesser quantities of lactose resulted in 
slower development or a less pronounced type of lens change. 
Thus only 27 per cent of the rats on 50 per cent lactose de¬ 
veloped mature cataract and none on the 30 per cent lactose 
ration. Of those developing mature cataract the average time 
required was 10 weeks on the 70 per cent ration and 17 weeks 
on the 50 per cent ration. 

Practically all rats on the various lactose rations showed 
some lens changes. If those animals are disregarded which 
were not examined weekly from the beginning of the experi¬ 
ment there is a striking comparison between the level of 
lactose fed and the time required for the first appearance of 
early lens changes, namely, 1.3, 2.4 and 3.6 weeks, respectively, 
on the 70 per cent, 50 per cent and 30 per cent lactose rations. 
The lower the level of lactose fed, the longer was the time 
required for the development of lens changes. 

This high incidence of cataract on the 70 per cent lactose 
ration and the literature relevant to the effect of lactose 
on calcium metabolism suggest several lines of investigation 
which would throw further light on this problem. An in¬ 
tensive preliminary study was made on a small group of ani¬ 
mals : Twelve rats on the 70 per cent lactose ration and six 
controls were divided into five groups, as shown in table 2 
and as many data as possible were collected on these groups. 
For calcium determinations on blood serum and eyes it was 
necessary to combine groups I and II and groups III and IV 
in order to have enough material for analysis. Two 24-liour 
urine samples from each rat were collected and tested for 
reducing sugar during the week before the animals were 
sacrificed. The Folin-Wu micro method was employed for 
urinary sugar and modified slightly for blood sugar determi¬ 
nations. Non-fasting blood sugars were high and irregular. 
The rats in the first five groups had had free access to food 
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immediately before blood was taken for sugar determinations. 
Subsequent work on groups VI, VII and VIII showed that 
12 hour fasting blood sugars ran much lower and entirely 
within normal limits for both the lactose and control groups. 
The urinary sugar was high in all of the groups fed on 
lactose; but group V, which had developed immature cataract 
showed less sugar than those with mature cataract. This 
observation on so small a group may not be significant. 
Further studies are in progress on the nature of the sugar 
excreted. Micro-chemical methods and osazone tests alone 
have proved unsatisfactory as means of differentiation. 


TABLE 2 

Metabolic changes associated with cataract 
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3 
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4.5 
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30 
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17 
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lactose 

4 

; 

, 

. 

32 

212 

Immature 

at end of 
29 weeks 

18.9 

160 

1 

67.0 

11.0 

48.0 

12 2 

4.0 

VI 

70% 

starch 

8 

30 

232 

None 


| 

88.0 

1 Groups T-V blood sugar de- 

VII 

70 % 
lactose 

15 | 

S 

31 | 

190 

Mature and 


74.8 

terminations made without a 
preliminary fast 

VIII 

50% 

lactose 


35 | 

257 

immature 

Mature and 
immature I 

J 

70.2 

Groups VI-VIII blood sugar 
determinations made after a 
12-hour fast 
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Qualitative or quantitative reducing sugar determinations 
before and after controlled fermentation periods have indi¬ 
cated the presence in the urine of a slowly fermentable sugar, 
such as galactose. The quantity of urine in young rats has 
made it impossible to run quantitative tests in all cases. 
These results plus the experience of other investigators yield 
exidence of galactosuria as a frequent result of high lactose 
ingestion. 

Some of the data on calcium metabolism also seem to be 
significant. Total serum calcium and diffusible calcium do 
not show much deviation from the normal, although more 
determinations and on larger groups of animals should be 
made before definite conclusions are drawn. The calcium 
content of the cataractous eyes is about twice the normal, 
while that of eyes with immature cataract show less of an in¬ 
crease. That this was not merely a dehydration effect is 
shown by figures given on both moist and dry basis. Total 
ash of dry fat-free femurs was determined to see whether any 
significant bone changes were associated with this pathological 
condition. The constant high per cent ash in the bones of all 
groups indicates no significant effect there. This finding is 
not contradictory to that of Kline et al. (’32) on rachitic 
chicks, because our rats were not rachitic and calcification 
beyond the physiological optimum was not to be expected. 

DISCUSSION 

Inasmuch as high blood sugar in a diabetic is known to 
cause certain temporary lens changes and to predispose the 
older diabetic to cataract (O’Brien, ’32 a), there appears to 
be a relationship between an excess sugar in the blood and the 
cataratous changes in the eyes. There is no evidence available 
regarding the influence of a specific sugar on the lens 
structure, but it is quite possible that traces of a foreign sugar 
in the blood, such as lactose or galactose, may have as detri¬ 
mental an influence as an excess of glucose. McCance and 
Madders (’30) and Cori (’25) have shown that rats absorb 
galactose more rapidly than other sugars, while Folin and 
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Berglund (’22) have previously demonstrated a rapid ex¬ 
cretion due to the lack of a renal threshold for galactose 
or lactose. Numerous other investigators have shown that 
these two sugars are unique in many of their metabolic 
processes. Further investigation as to the nature and extent 
of blood sugar changes in these animals will be significant. 

It has been demonstrated by Bergeim (’26) and Kline et 
al. (’32) that lactose causes an increased absorption of calcium 
and possibly phosphorus from the intestinal tract. This 
specific influence of lactose on calcium absorption or upon its 
utilization has been repeatedly demonstrated in connection 
with the relief of parathyroid tetany (Dragstedt and Peacock, 
’23; Inouye, ’24; Greenwald and Gross, ’29). Tetany was 
relieved by lactose plus calcium salts, whereas calcium alone 
failed. It has also a decided favorable effect upon the calci¬ 
fication of rachitic bones in chicks (Kline et al., ’32). Through 
its influence on the intestinal flora, this sugar is known to 
promote a relatively high pH through the entire length of the 
intestinal tract. The increased permeability of the intestinal 
membrane for certain minerals seems to be greater, however, 
than can be accounted for on the basis of the increased acid 
reaction of the intestine (Robinson and Duncan, ’31; Sherman 
and Hawley, ’22). 

The logical result of the increased absorption would be a 
serum calcium higher than normal. If, however, a mere in¬ 
crease in blood calcium were the result of the lactose acting 
in the intestine one should be able to simulate this condition 
by intravenous injection of calcium salts. Such experiments 
have been tried on parathyroidectomized dogs without success 
(Adams, ’29). Robinson et al. (’29) showed calcium retention 
from bone meal to be doubled by the use of lactose and con¬ 
cludes: “It seems plausible that lactose. . . . exerts a specific 
action in facilitating the passage of calcium into the blood 
stream, acting in this respect independently of the pH of 
the intestines.” The fact that serum calcium was raised by 
calcium salts, but that calcium retention and the relief of 
tetany resulted only when lactose was also used indicated that 



46 


HELEN S. MITCHELL AND WARREN M. DODGE 


there must have been some difference in the availability of 
the calcium circulating in the blood stream. The recent paper 
of Benjamin and Hess (’33) lends weight to such an hy¬ 
pothesis. 

The inorganic constituents of cataractous human lenses 
have been investigated by Grabar and Nordman (’33), 
MacKay et al., (’32), Updegraff, (’32), Salit (’33) and Kirby 
(’30). It is significant that in all of these analyses the catarac¬ 
tous lenses contained more calcium than the normal, while the 
potassium was distinctly lower than normal in most cases; 
in fact, there was some alteration in proportion of several of 
the inorganic elements. In rat experiments the small size 
makes it more convenient to use whole eyes rather than the 
lenses for analyses. For this reason the calcium figures given 
in table 2 are less striking than they would be if less ex¬ 
traneous tissue had been included. 

Changes in osmotic pressure which might result from an 
increased amount of sugar in the blood could scarcely account 
for this extensive migration of inorganic ions. If, however, 
the sugar increases the permeability of the delicate capsular 
membrane, such a shift in ions might be possible. This theory 
is supported by the observation that the mineral composition 
of the cataractous lens is much more nearly similar to the 
mineral composition of blood plasma than is that of a normal 
lens. Thus, if the normal protective action of the capsular 
membrane is destroyed, free exchange between plasma, 
aqueous humor and the lens substance might take place. It 
is well known that a puncture of the capsular membrane which 
admits aqueous humor will produce cataract. Thus the proto¬ 
plasmic substance of the lens is apparently held in perfect 
solution by a nice balance of the inorganic ions present. If 
this balance is disturbed the proteins might be precipitated 
with the production of observed opacities. 

The question as to whether animals other than rats are 
susceptible to cataract as a result of lactose feeding was in¬ 
vestigated with kittens and rabbits. No lens changes were 
seen in any of these animals. The kittens developed such 



CATARACT IN RATS FED LACTOSE 


47 


a severe diarrhea that the amount of lactose had to be re¬ 
duced. The rabbits showed no lens abnormalities in 16 
weeks on their skim milk-lactose ration in which the sugar 
constitutes 70 per cent of the dry weight. That rats may be 
peculiarly susceptible to cataract is suggested by the fact that 
lens changes occur in rats with a vitamin 6 deficiency, while 
cataract is not a characteristic symptom of a similar deficiency 
associated with pellagra in man. 

The quantities of lactose used would never be approached 
in any but a laboratory diet. This fact coupled with the ap¬ 
parent susceptibility of the rat to cataractous development 
makes it impossible to apply these findings directly to the 
human or other animal species. On the other hand, the ex¬ 
perimental production of cataract and its control by dietary 
means in a lower animal may become a valuable device for 
the more detailed study of cataractous development and ac¬ 
companying metabolic changes. 

SUMMARY 

1. Mature bilateral cataract has occurred in 68 per cent of 
rats fed on a 70 per cent lactose ration with advanced lens 
changes showing in 100 per cent of the animals. 

2. Rations containing lower quantities of lactose resulted 
in slower development or less pronounced type of lens change. 

3. Cataracts have never appeared in rats fed starch, 
maltose, dextrin or sucrose, respectively, as the sole source 
of carbohydrate at the 70 per cent level. 

4. The progressive lens changes have been described in 
detail. The developing opacities give the histological picture 
of human cataract. 

5. Blood, urine, and tissue analyses on a limited number of 
animals indicated some disturbance in both carbohydrate and 
mineral metabolism with a loss of galactose in urine. 

6. The calcium content of cataractous eyes doubles the 
normal. The total and diffusible calcium content of blood 
serum did not seem to be significantly altered. 
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7. The possibility of producing or controlling the develop¬ 
ment of cataract in lower animals by dietary means promises 
to be a valuable device for further and more detailed study 
of the etiology of cataract. 

We are much indebted to Dr. Helen Sternberger, of the 
Children’s Fund of Michigan, for calcium determinations on 
blood and eyes. 
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Considerable interest recently has been manifested in the 
mineral content of food crops. This is especially true of such 
elements as calcium, iron, copper and manganese. In Florida 
there has long been a question as to whether the rather infer¬ 
tile soils produced crops low in mineral content or whether 
the heavy fertilization with commercial fertilizers produced 
crops having a high content of minerals. In order to throw 
some light on this subject, analyses of truck crops grown 
under known conditions of fertilizer treatment and on known 
soil types in various sections of Florida were undertaken. 

The analyses reported in this paper were made largely on 
vegetables obtained from fertilizer experiments conducted in 
various sections of the State. As soon as possible after re¬ 
ceipt of the samples they wore washed and the edible portion 
was cut into small pieces and dried in an oven at about 75° C. 
When dry they were ground in a Quaker mill to a fine powder 
and stored in glass containers, tightly stoppered. All analyses 
are reported on a moisture-free basis. 

The chemical methods employed were largely those of the 
American Association of Official Agricultural Chemists with 

1 Presented before the Division of Agriculture and Food Chemistry at the 87th 
meeting of the American Chemical Society, St. Petersburg, Florida, March 26 to 
30, 1934. 

*Died February 18, 1934. 
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some minor modifications. Copper was determined by the 
Biazzos method as modified by Elvehjem. 

The figures for iron content are probably high, due to the 
fact that all of the materials were ground in an iron mill. 
At the start of these experiments the chief interest was in 
the other minerals rather than iron, hence no special pre¬ 
cautions were taken in preparing the samples to avoid con¬ 
tamination with iron. 

Table 1 (A) gives the analyses of tomatoes from plots 
differently fertilized. The first analysis shows the composi¬ 
tion of tomatoes grown with a normal fertilizer application; 
the second, with a fertilizer containing only one-half the 
amount of phosphoric acid; the third, with a fertilizer con¬ 
taining a double amount of potash. Comparing the first two 
analyses, the only difference is in the phosphoric acid content, 
there being a slightly lower percentage where less was used 
in the fertilizer. Comparing the first and third analyses, no 
differences are found, especially none in the potash content, 
even though twice as much potash fertilizer was applied to 
those vegetables used in the third analysis. The last analysis 
shows the composition of tomatoes when the usual super¬ 
phosphate in the fertilizer was omitted and colloidal phos¬ 
phate, a very finely divided raw phosphate, was used as the 
source of phosphoric acid. In comparing this analysis with 
the first one, a lower content of phosphoric acid and of potash 
is found. As the phosphoric acid in the colloidal phosphate 
is less readily available than that in superphosphate, this may 
account for the lower phosphate content in the vegetables 
analyzed. 

Table 1 (B) shows the analyses of lettuce variously fer¬ 
tilized. While there are some variations in the analyses, none 
can be attributed to the differences in the fertilizers used. 
As was the case with the tomatoes, changing the potash ratio 
in the fertilizer had no influence on the potash absorbed by 
the lettuce. The colloidal phosphate, even when used in 
double quantity, did not influence the mineral composition. 



TABLE 1 

Effect of fertilisers on composition of crops 
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Table 1 (C) shows the analyses of celery grown on Ever¬ 
glades muck soils with and without fertilizers. Comparing 
the celery grown on no-fertilizer plots with that grown on 
the phosphoric acid treated plots, there is a slight increase 
in sulfates and phosphoric acid in the fertilized celery. These 
increases are hardly significant, however, as there is almost 
as high a phosphoric acid content in the crop on the plot 
receiving only potash, and a lower sulfate content where a 
triple fertilizer application was made. Comparing the unferti¬ 
lized celery with the potash-treated, a marked increase in the 
potash content is found ; in fact, more than double the amount. 
Comparing the celery receiving phosphate and potash, the 
potash content is still high, but not quite so high as where 
potash alone was used. The only difference between the celery 
produced on the complete fertilizer plots and that from the 
no-fertilizer plots is in the higher potash content wherever 
this material was used. Tripling the fertilizer application 
brought about a slightly greater increase in potash and phos¬ 
phoric acid. The copper content varies considerably. This 
is undoubtedly due to the heavy applications of Bordeaux 
spray and the inability to remove all traces of copper sulfate 
in preparing the samples for analyses. 

In connection with some collaborative work with the Ameri¬ 
can Association of Official Agricultural Chemists on the 
availability of phosphates, some interesting results were 
obtained. Soy beans were grown in quartz sand to which 
a nutrient solution without phosphoric acid was added. The 
phosphate was added separately in the form of superphos¬ 
phate, mono-calcium phosphate and various ammoniated phos¬ 
phates, at a basic rate equivalent to 400 pounds per acre of 
18 per cent superphosphate. The results are shown in table 2. 
It will be noted that there was very little difference in the 
yield of dry materials. The phosphate analyses, however, 
show interesting differences. Taking first the superphos¬ 
phate, a marked increase in phosphate content is found in 
soy beans which had received increased applications of phos¬ 
phate fertilizer. The same is true where mono-calcium 
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phosphate was the source of phosphoric acid. In the case 
of the ammoniated phosphates, decreasing amounts of phos¬ 
phoric acid are taken up as the percentage of ammonia in the 
phosphate increases. The availability of the phosphoric acid 
in ammoniated superphosphate, as determined chemically, 
decreases in the same order. 

INFLUENCES OF SOIL TYPES 

The following tables show the effect produced by different 
soil types on the composition of vegetables grown on them. 

As many readers may not be familiar with the soil types 
mentioned in the following pages a brief description of their 


TABLE 2 

Effect of various phosphatic fertilizers on phosphate content of soy beans 


SOURCE OF P^Ob 

DRY WEIGHT 

IN GRAMS 

PER CENT Pfc0 5 
HaO FREE 

Superphosphate, 4 standard 

5.5 

0.47 

►Superphosphate, standard 

6.5 

0.82 

Superphosphate, 2 X standard 

6.0 

1.34 

Ammoniated superphosphate, 2.48 per cent NIL, 

6.5 

0.62 

Ammoniated superphosphate, 5.36 per cent Nil* 

7.0 

0.50 

Ammoniated superphosphate, 6.83 pei cent NH, 

7.0 

0.37 

Ammoniated superphosphate, 8.66 per cent NH 3 

7.0 

0.29 

Mono-calcium phosphate, l standard 

8.25 

0.35 

Mono-calcium phosphate, -J standard 

7.75 

0.51 

Mono-calcium phosphate, standard 

8.50 

0.93 

Mono-calcium phosphate, 2 X standard 

7.25 

1.88 


general characteristics is given together with a table showing 
their average nitrogen, phosphoric acid and potash content. 

Bladen soil is normally a poorly drained soil containing a 
fair amount of organic matter and of plant nutrients. It is 
considered the best Irish potato soil in the State and is also 
used extensively for truck crops. The Glade marl is, as its 
name implies, made up largely of finely divided marl (90 to 
95 per cent calcium carbonate) overlain with a layer of mucky 
material from 3 to 12 inches deep. These lands are usually 
flooded during the summer and early fall, and thus undergo 
a thorough leaching each year. The Hernando soils are among 
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the more fertile soils in the State, containing slightly more 
plant food and organic matter than do the Bladen. 

The Coxville soils are very similar to the Bladen, but have 
somewhat better natural drainage and a more plastic subsoil. 
The Norfolk soils are the predominating soils of the high 
lands of the State. They are low in humus or organic matter 
and low in plant nutrients. The Fellowship soils are very 
similar to the Hernando soils. The Leon soils are naturally 
among the poorest in the State. They are underlain with a 
hardpan layer and are low in plant foods. However, when 
sub-irrigation and drainage systems are installed and heavy 
fertilizer applications made, they produce bountiful crops. 

Saw-grass muck soils are the predominating type found 
in the Everglades. They are soils in which the organic matter 
has not been decomposed very much. Technically speaking, 
they are peats rather than mucks. They are not productive 
when first put into cultivation unless given special treatment 
with salts of copper, manganese and zinc. The Parkwood 
soils are poorly drained soils underlain with marl. They pro¬ 
duce excellent crops when drained, as they are among the 
richest soils in plant food that we have in the State. 

TABLE 3 


Content of nitrogen , phosphorus and potassium in soil types 


: 

BOIL 

NITROGEN (N) 

PHOSPHORIC ACID 
(TaOs) 

POTASSIUM OXIDE 
(KoO) 

Bladen 

0.107 

0.027 

0.048 

Hernando 

0.198 

0.080 

0.047 

Norfolk 

0.050 

0.019 

0.011 

Leon 

0.087 

0.007 

0.009 

Parkwood 

0.272 

0.462 

0.054 

St. Lucie 

0.025 

0.012 

0.006 


Table 4 (A) shows analyses of tomatoes grown on Bladen, 
Glade marl and Hernando soil types. The differences in com¬ 
position of the tomatoes are not great. The tomatoes grown 
on Hernando soil have a higher ash content and higher 
chlorine and sodium content, undoubtedly due to a higher 
sodium chloride content in the soil which lies near the coast. 



TABLE 4 

Effect of soil type on composition of crops 
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It is worthy of note that tomatoes grown on marl had a lower 
calcium content than those grown on Hernando soil. The 
lower amount of phosphoric acid in the tomatoes grown on 
marl is probably due to the high pH of this soil which de¬ 
presses the availability of the phosphoric acid. The higher 
manganese content of the marl tomatoes is due to the use of 
manganese in the fertilizer. 

Table 4 (B) shows the analyses of potatoes grown on vari¬ 
ous soil types. In eompai'ing these analyses very little 
differences are found. The chief difference is in the nitrogen 
content of the potatoes grown on the Fellowship and Leon 
soils. Just why these should be so much higher is difficult 
to explain. The higher manganese content of the potatoes 
grown on the Coxville and Bladen soils is due to the inclusion 
of manganese in some of the fertilizers used on these plots. 

Table 4 (C) gives the analyses of string beans growing on 
Everglades muck, St. Lucie sand and Parkwood sandy loam. 
The St. Lucie soils are about the poorest soils from an agri¬ 
cultural standpoint that we have in the State, being very low 
in natural fertility and in organic matter or humus. How¬ 
ever, analyses of beans growing on this infertile soil show 
that when fertilized it produces crops having as high a min¬ 
eral content as when grown on the rich Everglades muck 
soil, and higher than when grown on Parkwood soils which 
naturally are more fertile soils. 

Table 4(D) shows cabbage grown on a variety of soil types. 
Here again the differences in composition are not outstanding, 
with one or two exceptions. The cabbage grown on muck 
and Parkwood soils carries more chlorine. Both of these soils 
are located on the east coast, while the other two soils are 
located in the central section of the State. The phosphoric 
acid content is somewhat lower in cabbage grown on the 
Coxville and Parkwood soils; nitrogen is higher in cabbage 
produced on Leon and Parkwood, while calcium is very low 
in the Coxville cabbage. 

The claim has been made that Florida grown vegetables 
contain a higher water content than those grown farther north 
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and that, therefore, it takes more of them to supply the same 
amount of nutrients. Table 5 shows the moisture content of 
vegetables grown in Florida compared with those reported 
by Peterson and Elvehjem (’28). With the exception of 
strawberries and beets, the agreement between the two sets 
of figures is remarkably close. 

As was stated in the beginning of the paper, there has been 
considerable doubt in the minds of many as to the mineral 
content of truck crops grown in Florida. In table 6 are shown 
comparisons of the mineral content of Florida grown vege- 


TABLE 5 

Moisture content of vegetables 



FLORIDA 

PETERSON 


Per cent 

Per cent 

Beans 

90.89 

91.40 

Carrots 

89.33 

90.30 

Cabbage 

92.73 

92.60 

Celery 

92.54 

94.00 

Lettuce 

94.83 

94.40 

Potatoes 

79.76 

78.20 

Tomatoes 

95.20 

94.20 

Beets 

88.85 

82.30 

Peppers 

93.68 

94.00 

Strawberries 

94.01 

90.30 

Turnips 

91.76 

91.50 


tables with analyses reported by Sherman (’32). In compar¬ 
ing these analyses it must be borne in mind that the analyses 
reported by Sherman were made a good many years ago. 
Refinements in the methods of analyses probably account for 
some of the differences. This is undoubtedly true of the 
figures for sulfur. A remarkable feature of this table is the 
close agreement in almost every case of the figures for potash. 
In the majority of cases Florida grown crops have a higher 
mineral content than those shown in Sherman’s tables. This 
is especially true of calcium and phosphoric acid, two ele¬ 
ments that are receiving considerable attention from nutrition 
specialists. 
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The last table, 7, compares the copper and manganese found 
in vegetables grown in Florida with that found by other 
workers. The Florida analyses were, with one exception, 

TABLE 6 


Ash constituents in fresh materials in per cent of edible portion 



CaO 

MoO 

K a O 

Na-jO 

P s O B 

S0 3 

Cl 


Beans (string) 

0.064 

0.115 

0.041 

0.053 

0.298 

0.281 

0.026 

0.024 

0.119 

0.124 

0.075 

0.081 

0.024 

0.040 

Sherman 

Florida 

Beets 

0.041 

0.074 

0.035 

0.060 

0.425 

0.440 

0.125 

0.159 

0.089 

0.123 

0.040 

0.087 

0.058 

Sherman 

Florida 

Cabbage 

0.063 

0.083 

0.025 

0.004 

0.298 

0.266 

0.036 

0.022 

0.066 

0.116 

0.165 

0.183 

0.024 

0.032 

Sherman 

Florida 

Carrots 

0.078 

0.000 

0.035 

0.047 

0.346 

0.472 

0.136 

0.091 

0.105 

0.157 

0.055 

0.093 

0.036 

0.057 

Sherman 

Florida 

Celery 

0.109 

0.328 

0.023 

0.055 

0.381 

0.395 

0.113 

0.203 

0.085 

0.108 

0.055 

0.183 

0.156 

0.013 

Sherman 

Florida 

Lettuce 

0.060 

0.090 

0.028 

0.010 

0.408 

0.400 

0.036 

0.018 

0.096 

0.090 

0.035 

0.064 

0.074 

0.068 

Sherman 

Florida 

Peppers 

0.008 

0.031 

0.017 

0.027 

0.167 

0.280 

-- 

0.060 

0.078 

0.035 

0.061 

0.013 

0.025 

Sherman 

Florida 

Potatoes 

0.020 
' 0.061 

0.046 

0.068 

0.517 

0,540 

0.028 

0.047 

0.133 

0.148 

0.075 

0.129 

0.038 

0.077 

Sherman 

Florida 

Strawberries 

0.057 

0.049 

0.032 

0.051 

0.177 

0.202 

0.067 

0.022 

0.064 

0.062 

0.035 

0.043 

0.006 

0.019 

Sherman 

Florida 

Tomatoes 

0.035 

0.038 

0.017 

0.044 

0.331 

0.542 

0.013 

0.022 

0.060 

0.139 

0.035 

0.068 

0.034 

0.038 

Sherman 

Florida 

Turnips 

0.090 

0.137 

0.028 

0.019 

0.407 

0.353 

0.075 

0.096 

0.105 

0.114 

0.162 

0.167 

0.041 

0.091 

Sherman 

Florida 

Eggplant 

0.015 

0.031 

0.025 

0.035 

0.169 

0.265 

0.013 

0.035 

0.078 

0.105 

0.040 

0.055 

0.024 

0.057 

Sherman 

Florida 

Onions 

0.048 

0.097 

0.027 
0.035 | 

0.214 

0.269 

0.022 

0.041 

0.103 

0.130 

0.175 

0.181 

0.021 

0.038 

Sherman 

Florida 


made of crops that had received no manganese or copper as 
fertilizer. The exception was celery, which had all been ferti¬ 
lized with copper sulfate. Of course, practically all of the 
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vegetable crops had been sprayed several times with Bordeaux 
mixture, which may account in part for the higher copper 


TABLE 7 

Manganese and copper content of vegetables 
(ppm. in moisture free material) 



Mn 

Cu 


Lindow 

and 

Peterson 

Remington 

and 

Shiver 

Richards 

The 

authors 

Lindow 

Elvehjem 

Peterson 

Remington 

and 

Shiver 

The 

authors 

Beets 

35.1-76.2 

55.4 

2L7 

23.5 

11.5 

9.1 

10-25 

Cabbage 

10.6 

40.7 

15.0 

23-58 

6.8 

6.3 

10-28 





Av. 30 



Av. 17.8 

Carrots 

0.0 

42.2 

16.7 

25-40 

8.1 

10.7 

10-20 

Celery 

27.1 



8-67 
Av. 32 

2.0 


100-1600 

Beans (string) 


35.2 


20-25 i 

12.0 

9.6 

7-20 

Eggplant 


31.1 


40-50 

13.6 

12.7 

7-16 

Lettuce 

216 N 

118.4 

133 

141-345 

11.6 

10,9 

18-33 


100 8 



Av. 197 

1 


Av. 28.6 

Onions 

7.0 

63.3 

9.8 

50-62 

13.4 

11.5 

13-16 

Peppers 

18.2 



13-70 

16.1 


8-18 

Potatoes 

4.5 

9.4 

14.3 

5-21 

8.0 

7.4 

4-28 

(Irish) 




Av. 13.7 



Av. 16.4 

Potatoes 

5.4 







(sweet) 

10.6 

9.3 


8 

5.2 

6.2 

8 

Tomatoes 


25.7 


20-65 

9.9 

17.4 

6-24 





Av. 48 



Av. 11.7 

Turnips 


13.6 

3,6 

9.5 

31.0 

4.4 

14 


content. Both copper and manganese are fully as abundant 
in vegetables grown in Florida as in those grown in other 
sections of the country. We found, as others have found, 
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that the content of copper and manganese varies greatly in 
samples of the same vegetable grown in different sections of 
the State. The content of both of these elements can be in¬ 
creased through the use of manganese sulfate or copper 
sulfate in the fertilizer. 

It will be extremely interesting to study the composition 
of crops produced through the continued use of the new syn¬ 
thetic and highly concentrated fertilizers. Considering the 
small amount of some of the secondary plant nutrients con¬ 
tained in these fertilizers, and the small amounts of these 
elements present in Florida soils, the time may come when 
this combination will bring about a lowered mineral content 
of the crops and also a lowered yield. The results reported 
in this paper indicate the following: 

SUMMARY 

1. That complete fertilizers containing nitrogen, phosphoric 
acid and potash, when used in the usual amounts necessary 
for optimum crop production exert very little influence on the 
composition of the crops grown with them. 

2. Heavy applications of fertilizer will nullify any effects 
which soil types may have on the composition of the crop. 

3. Florida grown vegetables are as high in minerals, includ¬ 
ing copper and manganese, as vegetables produced in other 
sections of the country; in some cases their mineral content 
is higher than that of vegetables from elsewhere. 
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THE STABILITY OF VITAMINS B(B X ), G(B 2 ) AND B 4 1 
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Department of Agricultural Chemistry, University of Wisconsin , Madison 

ONE FIGURE 

(Received for publication June 11, 1934) 


A study of the heat stability of vitamins B(B-,) and G(B 2 ) 
in natural grain diets using the chick as the experimental 
animal has been reported by Elvehjem, Kline, Keenan and 
Hart (’32). With the knowledge of the intense requirement 
of this species for vitamin B 4 as reported by Keenan, Kline, 
Elvehjem and Hart (’33) it was decided to extend our knowl¬ 
edge to the heat stability of this factor and to investigate 
further the stability of the antineuritic and antipellagric com¬ 
ponents of the vitamin B complex. 

We have tested the stability of these factors in a natural 
grain diet, in a commercial veast. and in a hog’s liver prepa¬ 
ration. It is our purpose in this paper to discuss, 1) the heat 
stability of vitamins B, G and B 4 in the foodstuffs mentioned; 
2) the separation of these factors by differential heat treat¬ 
ment, and from this knowledge, 3) the formulation of basal 
diets suitable for assaying foodstuffs for their antineuritic, 
antipellagric, or antiparalytic properties. 

EXPERIMENTAL 

White Leghorn chicks were used exclusively as experimental 
animals. The basal grain diet, and the method used for 
housing and feeding these birds throughout the experimental 
period was the same as that previously described by Elvehjem, 

‘Published with the permission of the director of the Wisconsin Agricultural 
Experiment Station. 
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Kline, Keenan and Hart (’32). The yeast (baker’s) was ob¬ 
tained fresh from the Red Star Yeast Company in Milwaukee 
and dried at 65°C. before using. The liver was a vacuum 
desiccated product obtained from the Wilson Laboratories, 
Chicago, and designated as ‘special whole liver substance 
(Wilson).’ 

The heat treatments of the grain ration, yeast, and whole 
liver substance were all made at their natural hydrogen ion 
concentration. The pH is therefore constant, the medium, 
degree, and time of heating being the variables. The pres¬ 
ence of moisture in the medium such as obtains in the auto¬ 
clave, by heating a substance in the fresh state or by moisten¬ 
ing a previously dried foodstuff is designated as treatment in 
a moist medium. The dry medium entails the treatment of a 
dry or relatively dry foodstuff in an electrically heated oven. 

THE STABILITY OF VITAMIN B(B,) 

When the natural grain diet is fed to chicks they attain 
an average growth of 320 to 350 gm. by the sixth week. Auto¬ 
claving this diet, however, inactivates the vitamin B com¬ 
pletely and polyneuritis is demonstrable in 7 to 9 days. With 
the incorporation of 4 per cent of the dried Red Star yeast 
or 18 per cent whole liver substance into the autoclaved diet, 
a growth is obtained comparable with that of the untreated 
ration. The heated liver and yeast were incorporated into 
the autoclaved ration at these same levels and at higher levels 
to determine the degree of destruction. 

Table 1 has been compounded from a series of determina¬ 
tions made upon these foodstuffs subjected to various heat 
treatments. Complete inactivation of the vitamin is indi¬ 
cated by the negative symbol, whereas one, two or three posi¬ 
tive signs have been used to demonstrate the relative degree 
of destruction which is determined by the deviation from the 
normal growth curve. 

In the previous paper by Elvehjem, Kline, Keenan and 
Hart (’32) the observation was made that the antineuritic 
factor was stable in the grain ration when heated dry at 
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100° C. for 1 day, but if this treatment was prolonged for 
6 days some inactivation did occur. More vitamin G is inacti¬ 
vated in this process, however, for symptoms of pellagra are 
observed. Raising the temperature to 110°C. and maintaining 
this treatment for 6 days does not cause a greater destruc¬ 
tion of vitamin B. At 120°C. This factor is stable for a period 
of 5 hours, is slightly destroyed if the treatment is prolonged 
for a day, and completely inactivated at this temperature for 
6 days. 

TABLE 1 

The heat stability of vitamin B(B t ) 





[ HKAT TREATMENT 


SUBSTANCE 


pH 




VITAMIN B 

TESTED 


Medium 

| Temperature 

Hours 

STABILITY 


Ration 


5.5-6.0 

Moist 

i Autoclave 

5 

... 

Yellow corn 

58 

5.5-6.0 

Dry 

100°C. 

144 

+ + l 

Wheat middlings 

25 

5.5-6.0 

Dry 

110°C. 

144 

+ -P 

Casein 

12 

5.5-6.0 

Dry 

120°C. 

5 

+++ 

NaCl 

1 

5.5-6,0 

Dry 

120°C. 

24 

++' 



5.5-6.0 

1 

Dry 

120°C. 

144 

— 

Yeast 


6.0-6.5 

Dry 

120°C. 

24 

+ + 

Yeast 


6.0-6.5 

Moist 

Autoclave 

5 

— 

Yeast 


6.0-6.5 

Dry 

120°C. 

144 

— 

Liver 


6.0-7.0 

Moist 

100°C. 

24 

_ 

Liver 


6.0-7.0 

Dry 

100°C. 

24 

+++ 

Liver 


6.0-7.0 

Dry 

120°C. 

24 

++ 


1 Symptoms of pellagra. 


The antineuritic potency of yeast and liver is lowered 
slightly by a, dry heat treatment of 120°C. for 24 hours. The 
previous observation that heating fresh yeast at 100°C. for 
1 day would inactivate the vitamin B may now bo extended 
to liver. The antineuritic value of the liver and yeast may 
be retained, however, by drying at 65°C. prior to heating at 
100°C. The vitamin B in the ration, yeast and liver is there¬ 
fore completely inactivated by autoclaving and destroyed to 
a large extent in yeast and liver by heating fresh at 100°C. 
for 24 hours. However, in the absence of moisture, the tern- 
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perature may be increased to 120° C., with very little destruc¬ 
tion. 

THE STABILITY OF VITAMIN G(B,) 

The natural grain diet which has been heated to 100°C. for 
144 hours has been used as a basal diet in assaying the yeast 
and liver for their antipellagric properties. Chicks reared 
upon this diet will develop symptoms of pellagra in 3 weeks. 
The incorporation of 2 per cent yeast or 1 per cent whole liver 


TABLE 2 

The heat stability of vitamin G 


SUBSTANCE 

pH 

HEAT TREATMENT 

VITAMIN O 

TESTED 

Medium 

Temperature 

Hours 

STABILITY 

Bation 

5.5-6.0 

Dry 

JOO'C. 

144 

— 

Yellow corn 58 

5.5-6.0 

Dry 

120 °C. 

24 

— 

Wheat middlings 25 
Casein 12 

NaCl 1 

Yeast 

6.0-6.5 

Dry 

100°C. 

144 

+ 

Yeast 

6.0-6.5 

Dry 

120°C. 

24 

— 

Yeast 

6.0-6.5 

Moist 

100°C. 

24 

+++ 

Yeast 

6.0-6.5 

Moist 

Autoclave 

5 

+++ 

Liver 

6.0-7.0 

Dry 

100°C. 

144 

+ 

Liver 

6.0-7.0 

Dry 

120°C. 

24 

— 

Liver 

6.0-7.0 

Moist 

Autoclave 

5 

+++ 

Liver 

6.0-7.0 

Moist 

Autoclave 

10 

++ 


substance with this ration will supply all requirements of the 
chick for this factor. 

From table 2 it will be observed that there is as great a 
destruction of the vitamin G in the ration by heating at 120°C. 
for 24 hours as is accomplished by the 144-hour heating at 
100° C. The latter heating process inactivates approximately 
50 per cent of the vitamin G contained in yeast and liver. 
However, a very large part of the antipellagric factor may 
be inactivated in the yeast and liver by the heat treatment of 
120° C. for 1 day—a process which does not alter the vitamin 
B content appreciably. For this procedure, the grain ration 
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is placed in small pie pans in layers about \ inch thick. When 
the electric oven is filled with the ration, approximately 5 
hours is required for the temperature to attain 120° C., so 
that the ration is heated only 19 hours at this temperature. 

THE STABILITY OF VITAMIN B, 

The vitamin B 4 activity of the ration and liver was tested 
by incorporating them into a synthetic diet which we have 
shown to be deficient in this factor (Keenan, Kline, Elvehjem 
and Hart, ’33). It has been found recently that autoclaving 
the casein of this diet will remove the last remaining traces 
of the antiparalytic factor which makes the ration a more 
drastic one for B, assay studies. This synthetic ration which 
carries the autoclaved casein is designated diet no. 441A. The 
yeast, because of its very low antiparalytic activity, was not 
assayed. Table 3 designates the various heat treatments to 
which the grain ration and liver were subjected. 

The inclusion of 32 per cent of the natural grain diet (ration 
240) into the synthetic ration renders this diet complete for 
the chick. The grain diet which has been heated to 100°C. for 
6 days has been used as a basal G low diet. Examination of 
table 3 indicates that all but a small portion of the vitamin B 4 
is destroyed by this treatment. This emphasizes the in¬ 
adequacy of this diet in testing a foodstuff for its anti- 
pellagric properties because of its deficiency in the anti¬ 
paralytic factor. However, treatment of the basal diet at 
120°C. for 24 hours does not alter the vitamin B 4 content ap¬ 
preciably, although it is extremely low in vitamin G, hence 
its applicability for vitamin G assay studies. 

It will be observed (table 3) that there is some inactivation 
of the vitamin B 4 in dried whole liver by moistening and 
again drying at 65°C. for 24 hours. Autoclaving the liver 
completely destroys the vitamin B 4 contained therein, but by 
subjecting the natural grain diet to this treatment the greater 
portion of this factor is retained. It is therefore apparent 
that the presence of moisture catalyzes the destruction of vita¬ 
min B 4 as well as that of vitamin B, as shown by Elvehjem, 
Kline, Keenan and Hart (’32) yet in the autoclave both the 
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ration and liver are heated in an equivalent medium. This 
suggests the greater lability of vitamin B 4 in liver as com¬ 
pared to grains when treated under similar conditions. 


TABLE 8 

The heat stability of vitamin B, 


RATION 

NO. 

NUMBER 

CHICKS 

SUPPLEMENT 

HEAT TREATMENT OF 
SUPPLEMENT 

AVERAGE 
WEIGHT 
6 WEEKS 

NUMBER 

WITH 

PARALYSIS 

DEATHS 

AT 

6 WEEKS 

VITAMIN 

1*4 

ACTIVITY 

441 A 

7 

None 

None 


7 

7 

— 

441 A 

7 

32 per cent 

None 

365 

0 

0 

+++ 



ration 240 






441 A 

7 

32 per cent 

100 °C.—144 hours 







ration 240 

(G low diet) 


6 

5 

i 

+ 

441 A 

7 

32 per cent 

Autoclave—5 hours 






! 

ration 240 

(B low diet) 

255 

3 

0 

++ 

441 A 

7 

32 per cent 

120 °C.—24 hours 







ration 240 

dry (G low diet) 

322 



++ 

441 A 

7 

18 per cent 








whole liver 


350 



++ + 

441 A 

O 

u 

18 per cent 

Moistened and dried 







whole liver 

at 65 °C.—24 hours 

315 



++ 

441 A 

7 

18 per cent 

Moistened and dried 







whole liver 

at 100°C.—24 hours 


7 

7 

— 

441 A 

7 

18 per cent 

Autoclaved — 5 hours 


7 | 

7 

— 



whole liver 







THE DIFFERENTIAL DESTRUCTION OF VITAMINS B, G AND B 4 

A comparison of the heat stability of these factors is given 
in table 4, which embodies the observations which have been 
made on the grain ration, the yeast, and the liver. Using a 
moist medium, all the factors are relatively stable at 65°C. for 
24 hours. When the temperature is increased to 100 o 0. for 
the same length of time the antineuritic and antiparalytic 
components are inactivated. Autoclaving the ration in¬ 
activates vitamin B, but a greater portion of vitamin G and 
B 4 are retained. Autoclaving liver or yeast, however, de¬ 
stroys the antineuritic and antiparalytic factors, but saves 
vitamin G. 

Using a dry heat all factors are stable at a temperature of 
100° C. maintained for 24 hours. Prolonging this treatment 



STABILITY OP VITAMINS B, Q AND B 4 


69 


for 6 days inactivates vitamins G and B 4 but the antineuritic 
factor is relatively stable. A treatment of 120° C. for 24 hours 
will inactivate G completely and retain the greater portion 
of vitamins B and B 4 . 

Thus vitamin B may be destroyed and the greater portion 
of vitamin G and B 4 retained by autoelaving the grain ration 
for 5 hours at 15 pounds’ pressure. Vitamin G is inactivated 
and the other fractions preserved in the grain ration by a 
dry heat treatment of 120°G. for 24 hours. A portion of the 
antiparalytic potency of liver is lost by moistening and dry¬ 
ing at 65 °C. for 24 hours. 


TABLE 4 

Heat stability of vitamins B, Q and Bt 


IIKAT TREATMENT 

Medium 

Temperature 

Hours 

Moist 

65°(1 

24 

Moist 

100°C. 

24 

Moist 

Autoclave (ration) 

5 

Moist 

Autoclave (liver) 

5 

Dry 

100°C. 

24 

Dry 

100°C. 

144 

Dry 

120°C. 

24 

Dry 

l 120°C. 

144 


VTTAMIN 0 

VITAMIN B 

VITAMIN B* 

+++ 

+4-4- 

+ + 

— 

+++ 

— 

— 

H—b+ i 

++ 

— 

+++ : 

— 

+ + + 

+++ ! 

+++ 

+ + 

+ 

+ 


— 

+ + 

— 

— 

— 


BASAL DIETS USED IN ASSAYING FOODSTUFFS FOR VITAMINS B, 

G AND B 4 

In view of these results we have modified the diets origi¬ 
nally proposed for B and G studies. Autoclaving the ration 
as previously indicated (table 3) destroys some of the anti¬ 
paralytic factor. To cover this deficiency, 2 per cent of whole 
liver substance is added. The composition of the diet (ration 
242A) now used for B assay studies is as follows: 


Yellow corn 

57 


Wheat middlings 

25 

Autoclaved 5 hours 

Crude casein 

12 

15 pounds ’ pressure 

NaCl 

1 


Or.cpoo, 

1 


CaCO, 

1 


Special whole liver substance (Wilson) 

2 


Cod liver oil 

1 
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The 2 per cent CaC0 3 has been changed to 1 per cent CaC0 8 
and 1 per cent Ca 3 (P 0 4 )2 and the cod liver oil reduced from 
2 to 1 per cent to make this part of the ration comparable to 
the method for vitamin D assay in vitamin D carriers for 
poultry by Hart, Kline and Keenan (’31). 


wx 

IN CMS- 
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Typical growth curves of chicks confined to this basal diet 
only and with 4 per cent yeast addition are given in figure 1. 

The inadequacy of the basal grain diet for vitamin G studies, 
which has been heated to 100° C. for 144 hours and the superi¬ 
ority of the ration treated at 120° C. for 24 hours has been 
discussed. Not only does this diet contain more vitamin B 4 , 
but it is more deficient in the antipellagric factor than the diet 
previously proposed. The composition of the basal diet now 
used for G assay studies (ration 231) is 


Yellow corn 

59 

Wheat middlings 

25 

Crude casein 

12 

NaCl 

1, 

CaCO, 

1 

Ca,(PO«), 

1 

Cod liver oil 

1 


r Heated 120°C. for 24 hours 


The performance of birds confined to this diet alone and 
with a 6 per cent yeast supplement is given in figure 1. 

The basal vitamin B 4 deficient diet used for studies on this 
factor is the same as that previously described with the ex¬ 
ception that the casein is .autoclaved. It has been designated 
ration no. 441A and has the composition— 


Dextrin 

53.5 

Autoclaved casein 

24.0 

Balts 

2.5 

Yeast (Anlieuser Busch) 

8.0 

Autoclaved liver residue 

10.0 

Cod liver oil 

2.0 


The incidence of the abnormality in chicks confined to this 
diet is very uniform. The behavior of birds confined to the 
basal diet no. 441A and with 18 per cent whole liver is given 
in figure 1. 
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DISCUSSION 

As a result of the knowledge gained from a supply of the 
stability of vitamins B, G and B 4 , basal diets have been formu¬ 
lated which may be used in testing the distribution of these 
factors in foods. Although the heat treatments utilized in 
these studies are not comparable, in general, with the methods 
used in the process of preservation and preparation of human 
foods, they are, however, quite similar to methods used by 
commercial companies in the preparation of animal foods. 

These studies emphasize the relative lability of vitamin B 4 . 
This fact, combined with the limited supply of this component 
in human dietaries substantiates the contention, previously 
made, “that at least this factor may be a critical one in 
normal nutrition.’’ 

Our knowledge concerning the chemistry of the vitamin B 
complex has increased considerably during the past 3 years. 
Windaus, Tschesche and Ruhkopf (’32), Ohdake (’34), and 
others have shown that their antineuritic concentrates con¬ 
tain sulphur in the molecule. It is possible that the presence 
of this element renders the molecule more labile. That the 
inactivation may be one of hydrolysis is suggested from the 
fact that degradation is catalyzed by the presence of moisture 
in the heating medium. 

Kuhn, Gyorgy and Wagner-Jauregg (’33) have correlated 
vitamin G activity with the flavine pigments obtainable from 
milk, eggs, or liver and bearing the empirical formula 
C 1T H 20 0„N 4 . It is difficult to visualize what happens to the 
pigment when such foodstuffs as mentioned above are sub¬ 
jected to treatments which will render them deficient in this 
factor. It is our opinion that further work is necessary to 
substantiate the view that the antipellagric factor is an 
integral part of the pigment molecule. 

With the exception of Tschesche’s (’33) report that 
Reader’s vitamin B 4 concentrate (Barnes, O’Brien and 
Reader, ’32), was a substance very closely allied with adenine, 
little is knowm concerning the chemistry of this factor! 
Barnes, 0 Brien and Reader ( 32) have prepared concentrates 
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of this factor by methods which are somewhat similar to the 
methods used for the preparation of vitamin B, with one ex¬ 
ception, that of differential adsorption upon charcoal. Vita¬ 
min B is adsorbed at a pH of 7 whereas vitamin B 4 is selected 
preferentially by the adsorbent at a pH of 1. This demon¬ 
strates the proximity in chemical characteristics of vitamins 
B and B 4 . The results presented in this paper demonstrate 
the similarity in heat stability of the antineuritic and anti¬ 
paralytic components. We suggest, therefore, that the mole¬ 
cule of vitamin B is possibly very similar to that of vitamin 
B 4 and the antiparalytic factor may be inactivated by the same 
process which functions in the degradation of vitamin B. 

Although autoclaving the grain diet inactivates the greater 
portion of the vitamin B, vitamin B 4 is comparatively stable. 
Autoclaving liver inactivates both the antineuritic and anti¬ 
paralytic factors. This emphasizes the influence of surround¬ 
ing or accompanying material on the rate of B 4 destruction. 
The similarity in heat stability of vitamins B and B 4 in yeast 
and liver raises the question as to whether or not some of 
the abnormalities which have been ascribed to the poly¬ 
neuritic syndrome may not be due in part at least to a 
deficiency of vitamin B 4 . 


CONCLUSIONS 

1. Vitamin B(Bj) in yeast, liver, and in a natural grain 
ration was destroyed completely by autoclaving and in¬ 
activated to a great extent in yeast and liver by heating in 
the fresh state at 100°C. for 24 hours. 

2. Vitamin G(B 2 ) may be inactivated in the foodstuffs 
tested by a dry heat treatment of 120°C. maintained 24 hours. 
Vitamin B is relatively stable to this thermal treatment. 
Under such conditions vitamin G does not conform to the con¬ 
ception that it is the more heat stable factor. 

3. Vitamin B 4 is similar in heat stability to that of vitamin 
B. This suggests that much of the past work with vitamin B 
deficiency may be due, in part, to a deficiency of B 4 . 


THE JOURNAL OF NUTRITION, VOL. 9, NO. 1 
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On the basis of iron balance studies completed before 1907, 
Sherman (’07) proposed our present dietary standard of an 
average of 15 mg. of iron daily for the normal adult. The 
subjects of these balance studies were men who excreted an 
amount of iron ranging from 7 to 16 mg. when fasting or con¬ 
fined to relatively restricted dietaries, such as bread and milk 
or bread and egg white. Since 1907, more satisfactory methods 
for the analysis of iron have been developed and a large 
amount of data is now available concerning the iron content 
of common foods and the influence of manufacture, preserva¬ 
tion and cookery. When considering the sources of iron in 
the usual mixed dietary, these gains and losses of iron in the 
preparation of food and certain trends in food selection may 
be significant in determining the adequacy of the diet both 
from the standpoint of the total iron ingested and the ability 
of the gastro-inteslinal tract to utilize the material provided. 
Of the iron rich foods, meat, eggs, nuts and whole grain cereals 
are also protein rich foods. With the present trend to reduce 
the amount of meat and whole grain cereals ingested (Bogert, 

a A complete record of diets, experimental method and data on balances is on 
file at the library of the University of Iowa, Iowa City, Iowa. 

*A thesis submitted in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy, in the Department of Nutrition in the Graduate College 
of the State University of Iowa, June, 1934. 
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’31), green vegetables have been suggested as a means of 
balancing the iron intake. While such a balance is theoreti¬ 
cally possible, the absolute value of green vegetables to the 
human organism is yet to be established. The recent review 
of Schultz et al. (’33) makes further discussion of this point 
unnecessary, except to emphasize the fact that the addition of 
spinach to the formula of one of his infants caused an iron 
excretion in excess of that supplied by the vegetable. In her 
study of the food intake of pregnancy, Coons (’32) reported 
that the least satisfactory iron retentions were found in the 
one subject whose diet included the greatest amount of vege¬ 
tables and commented on an increased dry weight of stool 
during one particularly unfavorable period. Sherman (’07) 
suggested that slight gastro-intestinal variations might in¬ 
fluence markedly the excretion of iron, and we find in the 
clinical literature (Alvarez, ’31) the warning that the indi¬ 
vidual tolerance for vegetables by the human gastro-intestinal 
tract may be quite variable. 

Of recent iron balance studies on normal individuals, the 
papers of Schultz, Morse and Oldham (’33), Rose et al (’30) 
and of Leichsenring and Flor (’32) deal with the iron exchange 
of infants and preschool children under the carefully con¬ 
trolled food conditions characteristic of those years. Rezni- 
koff et al. (’34) have reported the iron exchange of a normal 
man during 7 months of hospitalization. In this time, their 
subject was repeatedly in iron balance on an intake of 10 mg. 
However, the increase of dietary iron to 26 mg. and the use 
of parenteral liver therapy and later of inorganic iron re¬ 
sulted in a large total retention and a 25 per cent increase 
in hemoglobin during the 7 months of observation. 

This study of the iron exchange of three normal women 
under essentially unrestricted conditions of living and diet 
was undertaken since; so far as the writer is aware, no such 
study has been reported recently. 

EXPERIMENTAL 

Only those factors which have a particular bearing upon the 
interpretation of the experimental data are mentioned. 
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The subjects studied were three healthy young women who 
were carrying an active schedule of laboratory work. The 
metabolic periods were carried out at intervals during a total 
of 2i months. Periods during which complete collections were 
made ranged from 5 to 15 days and included at least one 
menstrual period for each subject. Menstruation was regular 
and normal in all cases, the periods of 4 to 5 days’ duration 
at 28- to 30-day intervals, and the flow was average in amount. 
A total of 56 experimental days was recorded. 

Each subject was consulted concerning her food likes and 
the approximate amount of food which she customarily ate. 
This information was translated into a foundation dietary 
which was varied in the choice of meat, vegetables and des¬ 
serts. Calories were adjusted from time to time by slight 
variations in the bread, butter and sugar consumed. An 
amount of food needed for 2 or 3 days was secured at one time 
and stored under uniform conditions. Meals were prepared 
in a small kitchen resembling a household unit in its equip¬ 
ment of utensils. At the time the meal was served, an equi¬ 
valent portion of each food was set aside for analysis and was 
carefully stored in Pyrex glassware. All subjects drank 
measured amounts of tap water from the same source and 
an equivalent portion was added to the total food sample. 
The protein and caloric adequacy of the diets was checked by 
means of nitrogen balances and frequent records of body 
weight. 

All collections of food and excreta were made directly into 
glass containers which were covered with glass plates and 
were prepared for analysis without transfer. Analyzed car¬ 
men was used for marking the beginning and end of each 
period. During the menstrual periods, a standard brand of 
cellulose pad was used and a sufficient supply for the entire 
study was purchased in a single lot and sampled at random 
for blank analysis. 

Sulfuric acid digests of food and feces were prepared by 
the method of Stearns (’29). All mineral analyses of excreta 
were carried out on a sulfuric acid ash prepared in 6-inch 
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Pyrex test tubes on a sand bath. The modification of the 
permanganate titration method described by Murray (’24) 
was adopted for the measurement of iron. A sample con¬ 
taining about 0.15 mg. of iron was used for analysis except in 
the case of urine. Copper was determined by the method of 
Ansbacher, Remington and Culp (’31). 


TABLE 1 
Recovery data 


MATERIAL 

AMOUNT OF 
SAMPLE 

ADDED 

IN 

SAMPLE 

i 

FOUND 

PEB CENT 
RECOVERY 

Iron 


cc. 

niff . 

mff. 

mff. 


Urine 

25 

0.25 

0.014 

0.244 

92.0 


15 

0.25 

0.002 

0.258 

102.4 


10 

0.25 

0.005 

0.245 

96.0 


10 

0.25 

0.007 

0.249 

96.8 

Feces digest 

i 

0.25 

0.120 

0.364 

97.6 


4 

0.25 

0.148 

0.385 

94.8 


i 

0.25 

0.108 

0.346 

95.2 


i 

0.25 

0.111 

0.367 

102.4 

Digest of menstrual pads | 

1 

0.25 | 

0.113 

0.358 

i 98.0 

Copper 

Feces digest 

1 

0.003 

0.006 

0.009 

100.0 


1 

0.01 

0.018 

0.027 

90.0 

Food digest 

5 

j 0.01 

0.006 

0.015 

90.0 


5 

0.01 

0.006 

0.015 

90.0 


DISCUSSION OF EXPERIMENTAL RESULTS 

The difficulties involved in the micro-analysis of minerals 
need no comment. The range of error of the iron method 
used was from 0 to 14 per cent with an average of 5.6 per 
cent. It was possible to check the copper content of duplicate 
samples of ash to within 13 per cent with an average of 5 
per cent. Recovery data for both copper and iron are given 
in table 1. 

Owing to the large amount of free fat present, two food 
samples of period 1 were lost because of ‘bumping’ of the 
wet digest. These diets were calculated from standard food 
tables (Waller, ’31, and Hodges and Peterson, ’31). The 
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comparison of determined and similarly calculated values for 
all dietaries indicated that the error introduced by this pro¬ 
cedure would be within 10 per cent. 

The menus chosen are summarized in table 2. The food 
ingested was generous in amount and variety and, it is be- 

TABLE 2 

Summary of diets 


TOTAL. POOD PORTIONS IN GRAMS 


PERIOD 

DIET 

Milk, cream, | 
ice-cream 

Butter j 

i 

White 

bread 

o 

£ 

Potatoes 

__ _ _ 

Vj -1 

P -w 
o 2 

tl 

Other 

fruit 

Tomatoes 8 

Vegetables 

13 ft* 

<3 - 
as £ 
V 

Sandwich 
spread 3 

Pastry 

1 

1 

975 

45 

100 

110 

100 

165 

75 

250 

190 

70 

24 

o 


o 

950 

45 

100 

110 

100 

165 

80 

250 

130 

60 

37 

0 


3 

950 

45 

70 

150 

100 

275 

0 

250 

173 

40 

26 

0 


4 

980 

30 

70 

150 

100 

265 

70 

250 

125 

70 

30 

0 


5 

980 

40 

80 

ir,o 

100 

1(55 

180 

250 

105 

45 

40 

0 

2 

1 

925 

40 

100 

oo 4 

100 

265 

30 

250 

125 

45 

140 

0 


2 

945 

40 

100 

45“ 

100 

245 

30 

250 

125 

50 

40 

0 


3 

945 

45 

100 

115 

100 

245 

30 

250 

125 

50 

40 

0 


4 

915 

45 

100 

140 

100 

265 

30 

250 

125 

45 

40 

0 

3 

1 

975 

55 

100 

I 

100 

175 

100 

225 

220 

75 

15 

55 


2 

975 

55 

100 

100 

ioo 

175 

100 

250 

210 

75 

15 

45 


3® 

975 

55 

100 

120 

100 

175 

100 

250 

210 

80 

15 

25 


4® 

975 

j 40 

70 

120 

100 

175 

100 

250 

150 

105 

15 

100 


5 # 

975 

40 

70 

120 

100 

175 

100 

250 

210 

120 

15 

45 


1 Includes a daily portion of 150 ce. of orange juice. 

1 Tomato juice, except in the third period when 100 gm. of fresh tomatoes were 
substituted for an equivalent amount of juice. 

■Choice of egg, bacon, peanut butter, etc. 

4 Eggs were substituted. 

5 Cold roast meat. 

• Subject C was served 0.9 of each food. 


lieved, characteristic of the food habits of these subjects. 
Certain trends in food selection were noted: there was no 
cereal used, except as white bread and pastry; at least four 
glasses of milk were taken daily and ice cream was the choice 
for dessert; except in one diet where eggs were substituted, 
meat was used daily; sugar, candy and preserves were eaten 
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freely; daily portions of at least two servings of fruit and 
two servings of green vegetable in addition to potatoes and 
tomato juice were ingested. The green vegetable allowance 
was further increased during the third period by the addition 
of 100 gm. of freshly cooked green beans to each diet, except 
the fourth. The range of iron values for the total diets was 
from 11.26 to 15.57 mg. with an average of 13.78 mg. Milk 
furnished 14 to 16 per cent of the dietary iron, meat about 35 
per cent and vegetables from 30 to 35 per cent. 

The agreement between the calculated and determined 
values for food iron was of interest, since the method of col¬ 
lection of the food and the use of tap water for drinking ap¬ 
proximated the procedure of preparing the average dietary. 
Determined values for iron of the diets as ingested were 
equal to or above the calculated value in three diets with an 
average increase of 3 per cent, and below the calculated 
values in eleven diets with an average decrease of 9 per cent. 
Rose et al. (’30), and Leichsenring and Flor (’32) found only 
70 per cent of the calculated amounts of iron in their dietaries, 
but they controlled all contamination during preparation and 
used only distilled water for drinking purposes. From these 
figures, it would seem that dietary estimates of the iron intake 
based on the data of available food tables would yield satis¬ 
factory results for meal planning in any situation other than 
the strict metabolic study. 

Complete daily and period balances are summarized in table 
3. In studying the iron excretions, only the fecal and men¬ 
strual iron losses were significant in determining the iron 
balance, although iron was found in all except one of the 
urine samples. The average daily output of iron in all urines 
was 0.52 mg. When the menstrual specimens which contained 
blood were excluded, an average figure of 0.38 mg. was ob¬ 
tained. Subject A seemed to show a tendency to excrete 
greater amounts of urinary iron than subjects B and C. Coons 
(’32) commented on a similar individual trend in certain of 
of her cases. 
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Since fecal iron was determined daily, the curve of excretion 
was very irregular. However, a parallelism of fetal nitrogen 
and fetal iron was noted particularly on the days of maximum 
and minimum excretion (fig. 1). Coons (’32) and Reznikoff 
(’34) observed a relationship between iron output and dry 
weight of stool. The total fecal losses of iron, however, were 
excessive when slight gastro-intestinal discomfort and in¬ 
creased elimination followed the ingestion of string beans 
(subject A). 

Subject A was in positive iron balance during the first two 
periods, but lost 51 mg. of iron during the third and longest 
period in which she was studied. During the 6 days of period 
1, this subject stored 14 mg. of iron. This amount was equal 
to about 75 per cent of the 18 mg. lost in menstruation, which 
occurred on the first 4 days of the period. In period 2, which 
represented the inter-menstrual phase of the same monthly 
cycle, she was still retaining an average of 0.44 mg. of iron 
daily. Period 3 shows an average daily loss of iron of 3.43 
mg. There are two factors to be considered in interpreting 
this finding: first, menstruation which occurred from the 
second to the fifth day, inclusive, and, second, the addition of 
an extra portion of fresh green vegetable to the diet for the 
first 9 and the last 3 days of the period. An average daily 
increase of fecal nitrogen of 0.17 gm. occurred in this period 
(fig. 1). After the first few days, the subject complained of 
gas and general discomfort and attributed the difficulty to 
the added vegetable. The green beans were discontinued for 
3 days and the fecal nitrogen fell on the third day to below the 
level of periods 1 and 2, but rose when the vegetable was 
included again. For the first 5 days of this period, which 
included menstruation, the average iron balance was positive 
with a daily average storage of 3.61 mg. However, from this 
point the fecal iron rose, reaching a peak of 32.48 mg. on the 
eighth day, and 29.79 and 28.37 mg. on the tenth and eleventh 
days, respectively. The average daily amount ingested was 
13.76 mg. After discontinuing the string beans, a positive 
balance averaging 1.98 mg. was found for the twelfth, thir- 
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Summary of balance studies 
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teenth and fourteenth days, but the effect of including the 
vegetable again was evident on the last day when the reten¬ 
tion fell to a negative 10.88 mg. 

Subject C lost a total daily average of 2.29 mg. of iron dur¬ 
ing the third period. This subject was in slightly negative 
iron balance during the first period also. In addition to the 
25.68 mg. of iron lost in menstruation, her total urine and 
fecal output averaged 15.08 mg. on a daily intake of 14.16 mg. 



Fig. 1 Comparison of fecal copper, iron and nitrogen. 

I, Subject A, period 1 IV, Subject B, period 2 

II, Subject A, period 2 I, Subject C, period 1 

III, Subject A, period 3 VI, Subject C, period 3 


This subject had had the least experience in metabolic studies 
and just what part emotional adjustment played in deter¬ 
mining her gastro-intestinal efficiency is speculative. 

The findings on subject B during the single period of ob¬ 
servation offer an interesting contrast to the periods for 
subject A. Subject B was in strikingly negative iron balance 
during menstruation since she lost an average of 6.34 mg. of 
iron for each of 6 days. The next 3-day period was marked 
by a positive balance of 1.35 mg. per day and this balance in 
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the last 3 days of the period increased to an average of 4.46 
mg. The parallelism between fecal nitrogen and fecal iron 
was again striking. Although the total iron balance of this 
subject for the period was negative to the extent of a daily 
loss of 1.67 mg., the rate of storage during the last 6 days 
indicated that rapid compensation was taking place. This 
subject lost 41.90 mg. of iron in the menstrual hemorrhage 
which is the largest amount recorded in this series. 

The complete data for the losses of menstruation are sum¬ 
marized in table 4. With the exception of subject B, the 
menstrual losses were all smaller than the 34, 38 and 42 mg. of 
iron reported by Gillett et al. (’18) for three normal -women. 
Although these reported iron losses are not large, they will 
result in a deficit if repeated at regular intervals unless pre- 


TABLE 4 

Analysis of menstrual loss 


SUBJECT 

PERIOD 

NITROGEN 

IRON 

COPPER 

FE- N 

CU. FE 



pm. 

mg. 

mg. 



A 

1 

0.64 

18.17 

0.39 

3: 35 

1: 46 

A 

3 

0.89 

32.35 

0.61 

1: 28 

1: 53 

B 

2 

0.46 

41.92 

0.19 

1: 11 

1; 221 

c 

1 

0.80 

25.68 

0.24 

1: 31 

1: 107 


ceded or followed by a storage of iron. Such a deficit is sug¬ 
gested by the hypochromic anemia of women described by 
Bloomfield (’32), who found a history of excessive blood losses 
in only a small proportion of cases. Mettier (’31) reported 
a series of hypochromic anemia cases whore a deficient dietary 
consumed over a period of years appeared to be an etiological 
factor. The nitrogen losses of the menstrual hemorrhage 
were also low as compared with the range of from 0.656 to 
1.92 gm. found by Sherman, Gillett and Pope (’18). 

Dietary copper as determined ranged from 0.80 to 1.39 mg. 
per day. The calculated copper value for the ten diets ranged 
from 6 to 37 per cent higher than the determined values. The 
copper to iron ratio of the dietaries was from 1 to 12 to 1 
to 17. 
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Copper was found in traces in twenty-four out of twenty- 
seven urine samples which were analyzed, but the amount 
was in no case sufficient for calculation. This was somewhat 
amazing in view of the findings of Eabinowitch (’33), who 
reported a daily urinary copper ranging from a trace to 0.70 
mg. An examination of the copper in the stool, however, 
indicated that the amounts ingested could be found in the 
fecal output. Negative copper balances ranging from a daily 
average of 0.02 to 0.40 mg. were observed. In all cases, except 
subject A in periods 1 and 2, the average amount of copper 
lost was within 10 per cent of the intake, which is perhaps 
also within the limitations of the method. In period 1, subject 
A lost a daily average of 0.40 mg. and in period 2 a daily 
negative retention of 0.18 mg. was observed. The subject 
was storing iron during both of these periods. There ap¬ 
peared to be some tendency for high excretions of copper to 
parallel high fecal iron, but this parallelism was not entirely 
consistent. 

It would seem unwise to generalize from the few observa¬ 
tions presented here. There seemed to be an extremely labile 
mechanism regulating the iron balance and that this mecha¬ 
nism was closely related to intestinal function was obvious. 
These normal subjects were apparently able to compensate for 
temporary intestinal inefficiency with marked iron retentions 
when the irritating situation was relieved. It would be 
reasonable to suppose, however, that repeated gastrointesti¬ 
nal irregularities might exhaust the iron reserves, particu¬ 
larly if the intake of food were limited. Although the average 
iron content of these diets did not quite reach the amount 
suggested by Sherman (’07) as an optimal intake, the diets 
as a whole were generous in all known food constituents. 
Sherman (’07) has correlated a lack of calcium with negative 
iron balances. The calcium intake of this study was in excess 
of a gram per day. The part which vegetable fiber played in 
determining the response to string beans is open to conjecture. 
Adolph and Wu (’34) did not find an increased acceleration of 
the passage of food through the tract or an increase in fecal 
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nitrogen when cabbage fiber was fed at high levels. If fruit 
and fruit juices are included in the total, the vegetable intake 
of all the diets used in this study was between 500 and 700 gm., 
but almost half of the amount was in the form of strained 
fruit juices so that the fiber content of the diets was not 
raised proportionately. 


SUMMARY 

1. Iron balances are presented on three normal women for 
six periods totaling 56 experimental days. On self-chosen 
diets containing liberal amounts of protein, calories and pro¬ 
tective elements, the average daily amount of iron ingested 
was 13.78 mg. The average daily iron excretion for all periods 
was 14.95 mg. 

2. Two periods of positive iron balance were recorded for 
subject A. Subjects B and C were both in negative iron 
balance as was subject A for the third period of study. Nega¬ 
tive iron balances were associated with increased fecal nitro¬ 
gen. No relationship was observed between iron retention 
and the iron losses of menstruation or between the balance of 
nitrogen or copper and the balance of iron. 

3. Totals of 18.16, 25.68, 32.35 and 41.90 mg. of iron, re¬ 
spectively, were lost in the menstrual hemorrhage during each 
of four periods. 

4. The copper to iron ratios of the ingested food ranged 
from 1 to 12 to 1 to 17. Copper was excreted through the 
stool. 
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There is little information in the literature relative to the 
amount of protein which children of various ages beyond 
infancy should be given. From 10 to 12 per cent of the total 
calories, or approximately 1 gm. per pound of body weight 
is considered sufficient by most students of child nutrition, 
“provided the diet is of ample fuel value and the protein is 
of the right kind” (Sherman, 18). These standards have 
been arrived at more or less empirically, the results of ob¬ 
servations of growth when the children were receiving 1 gm. 
or thereabouts per pound, and by a consideration of the per¬ 
centage of the protein of human milk—a food presumably 
adapted to the needs of the child during its most rapidly 
growing period. “Practically, it is not possible to keep the 
protein as low as 10 per cent of the total calories and still 
observe the rule of a quart of milk per day. There seems 
to be no reason why conditions for growth need be less favor¬ 
able when the protein calories constitute as much as 15 per 
cent of the total calories’’ (Rose, ’27). Holt (’21) reports 
in a study of the food eaten by thirty-two children from 2 
to 6 years of age in a children’s home that an average of 
3.5 gm. of protein per kilogram was taken daily; and an esti¬ 
mate of the protein eaten by normal healthy children of 
intelligent well-to-do families showed that the children be- 
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tween 2 and 3 years of age were taking 49 gm. or approxi¬ 
mately 4 gm. per kilogram. Older children between 6 and 7 
averaged 60 gm., or 3 gm. per kilogram. These data do not 
necessarily indicate child needs, but rather the amount con¬ 
tained in the foods eaten. 

The most extensive study of the nitrogen metabolism of 
children is that of Wang, Hawks and Hays (’28) with both 
normal and underweight children between 5 and 13 years of 
age. Based on weights and observations of the activity of 
the children, these authors have grouped their findings into 
several categories: nitrogen metabolism of vigorous normal 
children; of children normal in weight only; of children from 
5 to 10 per cent underweight, etc. The average nitrogen 
retentions of the various groups conformed rather consist¬ 
ently to these groupings, less being retained by the vigorous 
normal group and larger amounts by those who were below 
weight. For example, the average retention of the vigorous 
normal group reported was 0.041 gm. at an average ingestion 
of 0.448 gm. per kilogram, whereas the children who were 
normal in weight only retained an average of 0.088 gm. per 
kilogram at an ingestion of 0.516 gm. per kilogram. As the 
percentage of underweight increased, the average amount in¬ 
gested as well as the amount retained increased. There were, 
however, quite wide variations among the individuals of 
different groups. These may be explained possibly by differ¬ 
ences in the ages of the children or by variations in the amount 
of nitrogen ingested. 

In a second study (Wang, Hawks and Kaucher, *28) re¬ 
tentions with both high and low ingestions were determined. 
In this as in the former study, the underweight children 
retained more than those of average weight whether on high 
or low protein diets. At an average ingestion of 0.537 gm. 
per kilogram by the normal children, more nitrogen was re¬ 
tained (0.075 gm. per kilogram) than in the previous study 
at the somewhat lower ingestion level (0.448 gm. per kilo¬ 
gram). With a much lower ingestion, 0.264 gm. per kilogram 
(corresponding to 0.75 gm. of protein per pound) an average 
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of only 0.001 gm. per kilogram was retained. Several of the 
children at this low ingestion level were found to be in nega¬ 
tive balance perhaps due to the fact that an insufficient 
amount of high grade protein was included in the diet. 

That the protein requirement of children varies inversely 
with age and is directly proportional to the rate of growth 
is well known. In Wang’s studies there was but one child 
below 8 years of age among the vigorous normal group 
(Wang, Hawks and Hays, ’28). In the groups normal in 
weight only there are reported only five children 6 years of 
age or under who were up to standard weight. The nitrogen 
retentions of these varied from 0.026 to 0.172 gm. per kilo¬ 
gram on the low protein diet, whereas the retention of those 
slightly below average varied from 0.064 to 0.158 gm.; and 
although the ingestions also varied, with the exception of 
those on the very low ingestions, there appeared to be no 
significant correlation between the amount ingested and the 
amount retained. Altogether, there would seem to be too few 
cases from which to draw conclusions regarding the protein 
needs of the preschool child, a group just beyond babyhood 
which may need considerably more than the older child of 
whom Wang’s group largely consisted. 

Parsons (’30), in a series of nitrogen studies with diabetic 
children from 4 to 8 years of age, obtained positive balances 
with 0.5 gm. of protein per pound or 1.1 gm. per kilogram; 
similarly, Bartlett (’26), also studying diabetic children be¬ 
tween 4 and 14 years of age, obtained positive nitrogen 
balances, growth in height, and gain in weight with normal 
activity at ingestion levels of 0.6 to 1.0 gm. of protein per 
kilogram. It will be noted that the amount of protein taken 
by these children was considerably less than that taken by 
the children reported by Holt, or than the generally accepted 
amount of 1 gm. per pound, lower even than the low levels 
used by Wang for children of similar ages with whom some 
negative balances were obtained. Are these low amounts used 
by Parsons and Bartlett sufficient, or are the higher amounts 
more nearly in accord with the child’s optimum physiological 
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performance? A positive nitrogen balance obviously cannot 
be the criterion by which to judge the protein needs of a given 
child. Growth is a prerogative of childhood. The rate of 
growth is limited by the inherent capacity of the individual 
and the available amount of any one of the various essential 
nutritive constituents between the minimum and the optimum; 
and although the children in both Parsons’ and Bartlett’s 
studies gained in weight and height, they may not have 
realized their inherent growth capacities. At any level of 
protein ingestion above that required to cover katabolism, 
a positive nitrogen balance would obtain, provided adequate 
protein were supplied. Furthermore, it seems probable that 
the nitrogen needs of children even at the same age differ, 
depending upon the inherent potentialities of growth. Not 
knowing this, enough protein should be given to cover possible 
needs. How much this is can be determined only by studies 
with a considerable number of children of various ages and 
at various levels of ingestion. 

In the investigation herein reported, 121 nitrogen balance 
studies have been made with 24 normal children (15 boys and 
9 girls) between 37 and 66 months of age. • During the 
observation period, the children lived under controlled con¬ 
ditions from 14 to 21 days as described in previous reports 
from this laboratory (Daniels et al., ’34). The caloric needs 
of the children were considered from the standpoint of both 
height and weight. With but few exceptions, food supplying 
40 calories per inch, or between 80 and 112 calories per pound 
was given. During the study period, the children gained in 
weight, thus ruling out the possibility of undernutrition as 
a factor influencing the nitrogen retentions. 1 The amount of 
protein given varied from 0.9 to 1.6 gm. per pound of body 
weighty This was divided evenly among the three meals. 
The actual amount fed necessarily differed somewhat from 
the estimated amount because of the fact that the food used •» 
varied slightly in composition from that of the published 
analyses and the children gained during the period; thus the^T 
final weights, the average of the daily weights used in calcula- 
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tions of ingestions and retentions, were often higher than the 
weights used when the diets were planned. 

EXPERIMENTAL PROCEDURE 

✓In the first part of the study, from 3 to 4 days were allowed 
for metabolic adjustments to the diets before the balance 
studies were made. In general, two periods of 5 days each 
exclusive of the preliminary adjustment periods constituted 
a first and a second metabolism period at a given nitrogen 
ingestion level. Because of the differences sometimes ob¬ 
served in the first and second successive metabolism periods, 
later in the study a longer period (from 5 to 7 days) was 
allowed for the metabolic adjustment, and in these the 
metabolism periods (called double periods) were extended to 
10 days, thus ruling out possible errors which might accrue 
from incomplete fecal eliminations of a shorter period. 
Stools in all periods were marked with 0.2 gm. of carmine. 

A change in the method of preparing certain of the foods 
also was made for these longer metabolism periods, partly 
for the purpose of facilitating the procedures and partly for 
greater accuracy. With the exception of the meat and eggs, 
all cooked foods were prepared at the beginning of the 
metabolism period, subsequently packed in sterile containers, 
and stored in a low temperature refrigerator. Meat for each 
serving was weighed at the beginning of the period, wrapped 
in waxed paper and kept frozen until ready for use. Distilled 
water only was used for cooking and drinking. All children 
received daily from 2 to 4 ounces of orange juice and 2 tea¬ 
spoons of cod liver oil. Many of them received also four drops 
of Viosterol twice daily. This apparently was without influ¬ 
ence on the nitrogen retentions. 

v Nitrogen determinations by the Kjeldahl method were made 
with aliquots of each of the 24-hour urinary excretions, 
whereas aliquots of the total dried fecal excretions of the 
entire period and aliquots of the food for a given day were 
used. 
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In the investigation, presumably only physically fit children 
were studied, that is, they were active, carried no elevated 
temperatures, exhibited no digestive disturbances, slept well 
and, with very few exceptions, ate well. Physical measure¬ 
ment standards for children of this age group are limited, 
the most extensive being those of the Iowa Child Welfare 
Research Station (’29). Comparing the weight for height 
of the children studied with these standards, it was found 
that the children in general compared favorably with these 
norms. A few, however, were above the average, while others 
were below. One child who was studied during ten periods 
remained about 11 per cent below his theoretical weight for 
height. Twenty-five per cent of the children came from a 
state orphanage, 25 per cent from a county juvenile home 
where the food conditions were exceptionally good, and 50 
per cent from private homes. 

In determining nitrogen retentions in terms of weight it is 
obvious that if a child is underweight, a higher retention 
value will be obtained than if this is determined in terms of 
normal weight. A similar situation with regard to ingestion 
prevails. Therefore, both ingestions and retentions in the 
children studied have been determined, 1) on the basis of 
actual weight., and 2) on the basis of theoretical weight. 
These have been grouped according to ingestions on a scale 
of five between 0.35 and 0.70 gm. per kilogram, first, second, 
and double metabolism periods being grouped separately. 

RESULTS 

With the exception of a few cases at the very high and low 
ingestion levels, higher nitrogen retentions were obtained 
during first metabolism periods, irrespective of the amount 
ingested, within the limits of the study. For example, with 
nitrogen ingestions between 0.55 and 0.59 gm. per kilogram, 
eight children who averaged slightly below (— 3.5 per cent) 
the normal weight for height retained 0.121 gm. per kilogram 
during the first metabolism periods, whereas six at the same 
ingestion level retained an average of 0.084 gm. during second 
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metabolism periods (table 1). Similarly, seventeen children 
very slightly above the average weight ( +1.4 per cent), re¬ 
ceiving between 0.50 and 0.54 gm. per kilogram, retained 0.101 
during first periods, and eleven, also slightly above (+1.1 
per cent) average weight for height, retained 0.092 gm. during 
second successive periods. 


TABLE 1 


Relation between nitrogen ingestion and nitrogen retention based on actual 

weights of children 
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With the exception of two cases at ingestions between 
0.060 and 0.064 gm., retentions estimated on the theoretical 
weights showed similar relationships at the higher levels, that 
is, higher retentions during first metabolism periods, but 
somewhat closer agreement at the lower levels (table 2). 
With ingestions between 0.45 and 0.49 gm. per kilogram, the 
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Relation between nitrogen ingestion and nitrogen retention based on theoretical 
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average retentions based on actual weight during first and 
second periods were 0.083 and 0.078 gm., respectively, and 
0.077 gm. during first and second periods when estimated on 
the theoretical weights. The closer agreement at these lower 
levels may be due to the fact that the children were more 
nearly physically fit as shown by the very slight variation 
from the theoretical weights, or there may have been too little 
protein in the diet to make possible the high retentions ob¬ 
tained at the higher ingestion levels. The range of retentions, 
however, would indicate that more nitrogen might have been 
retained by certain of the children had it been needed. With 
all groups above the minimum, the upper limit of retention 
was much higher than the lowest, or the average of the group. 

High nitrogen retentions may not in all cases be due to 
previous nitrogen starvation, but rather to a greater need. 
The child destined to be tall will need more than the child 
who is inherently short. Retentions at ingestion levels of 
0.40 to 0.44 gm. per kilogram suggest that possibly less than 
the optimum amount had been ingested at least for certain 
of the children studied, since low retentions were fairly con¬ 
sistent in both first and second runs, whether based on actual 
or theoretical weights, and the upper limit of retention is 
lower than those of the higher ingestion levels. 

It should be noted that the retentions based on actual and 
theoretical weights at the various ingestion levels do not in 
all cases pertain to the same children, owing to the fact that 
estimations of ingestions based on theoretical weights some¬ 
times placed certain of the children in a group above or below 
that estimated on actual weights. Moreover, the range of 
retentions at each ingestion level differed to a greater or less 
degree. The weight averages of the children of the various 
groups suggest that the high retentions may be due to the 
fact that the children were underweight, as suggested by 
Wang in explanation of certain high retentions among her 
groups. Therefore, in order to determine if these variations 
in retentions were due to weight variations of the children 
studied or to some other factor or factors, the retentions of 
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a few of the children at various ingestion levels have been 
grouped according to their actual and theoretical weights 
together with the percentage of weight variation from their 
theoretical average (table 3). 

These data indicate that weight alone is not concerned with 
these variations in retentions, since high retentions were 
found among children who were above average in weight as 

TABLE 3 


Comparison of nitrogen retentions of individual children, in relation to actual 
and theoretical weight at various nitrogen ingestions 
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0.47 
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0.088 
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well as with those below average. For example, D.B. and 
D.P. were quite normal children and, although very slightly 
above the average weight, were well within the range of 
normality. At ingestions of 0.45 gm. per kilogram (theoreti¬ 
cal weight) they retained 0.070 and 0.064 gm. per kilogram, 
respectively; whereas C.P., at approximately the same in¬ 
gestion, retained 0.086 gm. per kilogram, and R.H., at a very 
slightly higher ingestion (0.48 gm. per kilogram of theoretical 
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weight) retained 0.094 gm. per kilogram. During double 
metabolism periods (table 2), similar results were obtained; 
that is, high retentions were not in all cases correlated with 
underweight. 

Objection may be made to the effect that the variation in 
the nitrogen retentions may be due in part to the kind of 
protein fed, possibly a larger proportion of high grade protein 

TABLE 4 


Nitrogen retentions of children receiving protein from different sources 
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0.079 
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— 0.6 
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being given in some cases than in others. The data, there¬ 
fore, have been considered in relation to the per cent of animal 
protein (from 49 per cent to 82 per cent) in the various diets. 
Since it is not feasible to report the data of all the balance 
studies individually, a few typical records are given (table 4). 
From these it will be seen that, although the amount of animal 
protein of the diets differed, this apparently was not the 
influencing factor in the retention variations. P.D. and P.H. 
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retained very similar amounts of protein, 0.077 and 0.079 gm. 
per kil ogram with ingestions of 0.415 and 0.576 gm. per kilo¬ 
gram, respectively. The lower protein diet contained 58 per 
cent of animal protein while the higher contained 77 per cent. 

The relation of nitrogen retention to creatinine 
elimination 

The wide variations in the nitrogen retentions of the 
children studied even at the same ingestion levels suggest 
that studies of nitrogen needs based on weight alone may not 
determine the amount a given child should receive. A thin 
child may be very well developed and have little padding, 
while a well-padded child may have less than the normal 
amount of muscle development. The nitrogen retentions, 
therefore, have been studied in relation to muscle needs, esti¬ 
mating both ingestion and retention on the basis of the urinary 
creatinine. 

The creatinine determinations by the Folin method were 
made in duplicate on each of the 24-hour urinary excretions 
which were collected under toluene and kept on ice, the aver¬ 
age of the 5- or 10-day determinations being used. During 
certain periods, the diets included small amounts of meat 
given once a day. Tests with meat-free diets indicated that 
the errors introduced thereby when spread over the 24-hour 
period were not sufficient to invalidate the results. The nitro¬ 
gen retention data per milligram of creatinine are grouped 
for the first and second metabolism periods on the basis of 
the ingestion per milligram at intervals of five with the cor¬ 
responding nitrogen ingestions per kilogram of theoretical 
body weight of the children studied. Double metabolism 
periods are grouped with the second metabolism periods. 

Nitrogen retentions studied from the standpoint of creatin¬ 
ine elimination indicate that at the higher level of ingestion 
more nitrogen was retained. Retentions during first metabo¬ 
lism periods also were higher than during second subsequent 
periods, suggesting that some of the children studied had been 
receiving previously less than the optimum amount of protein. 
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For example, at ingestion levels between 25 and 29 mg. of 
nitrogen per milligram of urinary creatinine, 5.1 mg. of 
nitrogen were retained during first periods and 4.6 mg. during 
second periods (table 5). At ingestion levels of 35 to 39 mg. 
of nitrogen per milligram of creatinine, 6.5 mg. and 5.9 mg. 
were retained during first and second metabolism periods, 
respectively. At the higher ingestions, similar results were 


TABLE 5 


Relation between nitrogen ingestion and nitrogen retention based on creatinine 

excretion 
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obtained. The significance of the very high retentions at 
ingestions of 45 to 49 mg. is not clear. The data pertain to 
three studies with two children, who were above average 
weight, but somewhat younger than the majority of the 
children studied. It seems probable that a child of 3 may 
need more protein per unit of muscle mass than a child of 6. 
The data based on weights, however, suggest that the varia¬ 
tion in age of the children studied was not a significant factor 
influencing the retentions (table 1). . 
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Th© range of nitrogen retentions based on the creatinine 
eliminations (table 5; scatter diagram 3) during the second 
metabolism periods would seem to indicate that ingestions 
between 30 and 34 mg. per milligram will meet the needs 
of the average child, since the highest retention of the group, 
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8 mg. per milligram of creatinine is approximately the same 
as that of the highest retention—8.6 mg. per milligram—of 
the next higher ingestion level, 35 to 39 mg. Nitrogen in¬ 
gestions of 30 to 34 mg. per milligram of creatinine considered 
in relation to the theoretical weights of the children studied 
were found to be equivalent to 0.51 gm. of nitrogen per kilo¬ 
gram, or 3.2 gm. of protein per kilogram—an amount not 
far from that reported by Holt in the study of the protein 
taken by children of similar ages, nor from the ingestions 
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(0.24 gm. of nitrogen per pound) with which Wang, Hawks 
and Kaucher (’28) obtained their highest retentions in chil¬ 
dren of normal weight. 

Nitrogen retentions studied from the standpoint of either 
body weight or muscle development seem to point to the con¬ 
clusion that children of the preschool age need more protein 
than we have hitherto appreciated. Instead of 1 gm. per 
pound, the amount usually considered adequate, approxi¬ 
mately 1.5 gm. per pound would seem to be more nearly the 
requirement of the majority of children of preschool age. 
The lower levels used in the study as well as those reported 
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by Parsons and Bartlett were sufficient to cover katabolic 
processes since no child in any of the groups was found to 
be in negative balance. At these lower levels, furthermore, 
the children were able to gain in weight and increase in 
stature. Whether children receiving these lower amounts are 
less physically fit than those who receive higher levels of in¬ 
gestion, resulting in higher retentions, remains to be deter¬ 
mined. 

SUMMARY 

In an endeavor to determine the amount of protein which 
children of preschool age should be given, nitrogen retentions 
at various levels of ingestion have been studied in children 
from 37 to 66 months of age. The data have been evaluated, 
first, in relation to weight, both actual and theoretical; and, 
second, in relation to the creatinine eliminations which were 
taken as a measure of muscle needs. The results based on 
the creatinine eliminations were found to be more consistent 
than those by other methods tested. Interpreting the data 
based on creatinine elimination in terms of theoretical weight 
of the children studied, it is concluded that children of the 
ages considered should receive approximately 3.2 gm. of 
protein per kilogram (N.X 6.25) or 1.5 gm. of protein per 
pound in diets furnishing at least 50 per cent of the protein 
from animal sources. 
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Observations made by Hafkesbring and Borgstrom (’26), 
Tilt (’30), Remington and Culp (’31), Coons (’31) and Coons 
and Schiefelbusch (’32) show that the basal metabolic rates 
of women living in various places in the southern parts of 
the United States are somewhat lower than the rates of those 
living in northern parts. The suggestions have been made 
that a low protein and calorie intake as well as climate might 
be factors influencing basal metabolism. This study has been 
made on a group of thirty normal young women, 17 to 26 
years of age, for the purpose of adding to the existing data 
on basal metabolism observations of young women in warm 
climates. In addition, the average daily protein and calorie 
intake of eighteen of the group was determined in order to 
study a possible relationship between basal metabolism and 
protein and calorie intake. 

EXPERIMENTAL 

The subjects selected for this study were young women 
students at the Florida State College for Women, ranging 
from 17 to 26 years of age. Seventeen of the young women 
were native Floridians, while thirteen had lived in Florida 
from 8 to 23 years. Eight of the subjects had recently come 
from northern states. All subjects were considered normal 
individuals as shown by health records and examinations by 
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the college physician. Basal metabolism observations were 
made on the northern group and on thirteen of the Florida 
group once during the year. Observations were made on the 
remaining eighteen during the fall, winter, and spring. A 
4-day dietary study was made on the group of eighteen in 
order to determine whether a relationship might exist be¬ 
tween diet and basal metabolism. 

Basal metabolism. The subjects came to the laboratory 
early in the morning, 12 to 14 hours after the last meal. 
After a 40- to 60-minute rest period on comfortable beds, 
the basal metabolism was observed. A Benedict-Roth appa¬ 
ratus with kymograph attachment was used. Two 8- to 10- 
minute observations were made during one test period. Four 
or more observations were made on each subject. The aver¬ 
age of those observations agreeing within 5 per cent was 
considered the basal metabolic rate. Observations during 
the menstrual period were not avoided unless discomfort 
was experienced. 

Every effort was made to secure accurate determinations. 
The apparatus was checked for leaks by placing two 20-gm. 
weights on the spirometer bell for 2 or more minutes during 
each test. After each morning’s observations the residual 
gas in the spirometer was passed through barium hydroxide 
or lime water to check for complete carbon dioxide absorp¬ 
tion. Since it was impossible to make an alcohol check on the 
apparatus, two reliable subjects were observed with a Sanborn 
graphic apparatus in the college infirmary and a Benedict- 
Roth apparatus at a doctor’s office in Tallahassee. The very 
close checks obtained would indicate that the apparatus was 
accurate. 

The calories per hour were determined and deviations 
calculated from the following prediction standards: Aub- 
DuBois, as modified by Boothby and Sandiford (’29); Harris- 
Benedict, which was extrapolated for those under 21 years of 
age; and the standard derived from Benedict’s Girl Scout 
studies, making a 10 per cent correction for subjects awake, 
for those 17 and 18 years old. 1 


1 Personal communication. 
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Dietary study. A study of the protein and calorie intake 
was made over a period of 4 days, during which time the 
young women followed their regular dietary habits. All 
meals were eaten in the college dining hall. The food served 
at each meal and that eaten between meals was collected and 
prepared for analysis by the method of Benedict and Farr 
(’29). The protein constant was determined by the Kjeldahl 
method (Bodansky, ’28); the calorie value by the oxy¬ 
calorimeter method (Benedict and Fox, ’25). From these 
data the protein and calorie intake of each subject was 
calculated. 


RESULTS AND DISCUSSION 

Basal metabolism. The calories per hour observed on 
eighteen subjects for different seasons of the year are given 
in table 1. There appears to be no consistent variation. 

TABLE 1 

Variation in heat production dining fall , winter , and spring 


CALORIES PER HOUR, OBSERVED 


SUBJECT 

NO. 

Ortobor- 

November 

February 

April 

Average 

2 

50.59 

53.52 

51.56 

51.89 

6 

46.47 

46.70 

47.90 

47.02 

7 

50.83 

54.23 | 

52.92 

52.66 

9 

44.15 

42.45 ! 

43.56 

43.39 

11 

52.07 

50.34 

52.95 

51.79 

12 

50.63 

49.72 

48.72 

49.69 

13 

49.37 

53.61 

51.13 

51.37 

15 

50.66 

49.25 

51.47 

50.46 

17 

54.07 

i 54.10 

53.49 

53.89 

19 

47.69 

46.31 

46.49 

46.83 

20 

48.11 

46.57 

46.95 

47.21 

21 

48.89 

47.99 

48.52 

48.47 

22 

48.33 

50.22 

57.72 

52.09 

23 

57.37 

59.61 

59.38 

58.79 

25 

44.43 

44.93 

44.45 

44.60 

28 

53.05 

53.76 

54.15 

53.65 

29 

51,13 

51.06 

49.80 

50.66 

30 

48.60 

49.79 

48.49 

48.96 
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Subjects nos. 2, 7, and 13 show an increase of 5.7 per cent, 
6.7 per cent, and 8.6 per cent, respectively, in the basal metabo¬ 
lism observed in February over that observed in October or 
November. One subject, no. 22, shows an increase of 14.9 
per cent in the calories per hour observed in April over the 
observation in February. It would appear, therefore, that 
in this climate where temperature changes are not great 
there is little, if any, seasonal variation. This is in accord 
with former observations in this laboratory (Tilt, ’30). The 


TABLE 2 

Basal metabolism of normal young women living in Florida . Averages according 

to age group 









DEVIATION OF OBSERVED 
FROM PREDICTION 

NUMBER 

IN 

GROUP 

AQE 

HEIGHT 

WEIGHT 

SURFACE 

AREA 

CALORIES 
PER HOUR 
OBSERVE!! 

Aub- 

DuBois 

modified 

predic¬ 

tion 

Harris- 
Benedict 
predie- 
j tion 

i 

i Benedict 
i ffirl 
scout 
j predic- 
! tion 

1 


1 yr. 

mo. 

cm. 

kp. 

sq.m. 


per cent ; per cent . per cent 

1 

17 

f 5 

161.0 

52.8 

1.53 

54.92 

1 - 4.0 | 

! - 3.6 

- 4.0 

6 

18 

5 

365.3 

56.1 

1.61 

51.29 

-14.5 

-13.0 

-10.1 

6 

19 

4 

165.6 

58.1 

1.63 

49.75 

- 17,6 

i - 16.4 ! 


7 

20 

6 

163.1 

55.6 

1.59 

49.94 

-14.3 

: -i4.o 


5 

21 

4 

165.3 

57.3 

1.61 

51.73 

| -13.4 

! -12.1 


2 

23 

i 6 

163.1 

60.8 

1.64 

53.45 

-11.7 

-10.1 


2 

24 

o 

165.2 

55.5 

1.59 

52.16 

-11.4 

- 9.2 


1 

25 

8 

161.0 

55.0 

1.56 

48.96 

-13.2 | 

- 13.4 


Averages [ 





- 14.1 | 

-13.0 

- 9.2 


few variations which do occur cannot be accounted for, since 
the young women seemed to have made no noticeable changes 
in their habits. 

Since there appeared to be no significant seasonal variation, 
the calories per hour observed for each season were averaged 
to obtain the average basal metabolism of these eighteen 
young women. The results of these determinations, aver¬ 
aged, and those on the additional twelve upon whom 
observations were made during only one season, all grouped 
according to age, are given in table 2. 
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The average deviation of the group is -14.1 per cent from 
the prediction of Aub-DuBois, modified by Boothby and 
Sandiford, and -13.0 per cent from the Harris-Benedict 
standard. There is considerable individual variation from 
these averages. Eighty per cent of the entire group are 
below the -10 per cent limit of the Aub-DuBois prediction 
and 76 per cent from the Harris-Benedict. Fifty per cent 
(Aub-DuBois) and 43 per cent (Harris-Benedict) are below 
the -15 per cent limit. Only six of the thirty studied were 
above -10 per cent (Aub-DuBois), the highest being -2.2 per 
cent; three were below - 20 per cent, the lowest - 24.4 per cent. 
According to the Harris-Benedict standard seven were above 
-10 per cent, the highest was - 0.2 per cent; three were below 
- 20 per cent, the lowest observed being - 21.6 per cent. The 
subject who had the highest metabolism had lived in Florida 
10 years, but spends the summers in Indiana. 

These results are lower than those previously reported for 
Florida women of the same ages (Tilt, ’30), when an average 
of -10.6 per cent (Aub-DuBois) and -9.9 per cent (Harris- 
Benedict) were found. Although the average is slightly below 
the -13.5 per cent (Aub-DuBois) reported by Coons (’31) 
for Oklahoma women of the same age groups, the percentages 
falling below the -10 and -15 per cent limits are somewhat 
higher. However, Coons observed lower rates, one -28.6 
per cent (Aub-DuBois) and two cases -27 per cent. Reming¬ 
ton and Culp (’31) reported an average of -10.4 per cent 
(Aub-DuBois) for a group of South Carolina women. 

The results of basal metabolism observations on the group 
of eight normal young women who had recently come from 
northern states are given in table 3. It is interesting to 
note that the average percentage deviation from the Harris- 
Benedict standard (extrapolated) is -7.8 per cent, a figure 
very near the -7.1 per cent obtained by Hetler (’32) and the 
-7.6 per cent by Stark (’33) for young women of approxi¬ 
mately the same age. The range within the group is from 
-12.3 per cent to -2.8 per cent (Aub-DuBois, modified), and 
-13.5 per cent to -1.7 per cent (Harris-Benedict). 
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Dietary study. From a study of table 4 which summarizes 
the average daily intake of each individual, it is noted that 
most of the diets were quite adequate from the standpoint 
of grams protein and total calories. The average protein in¬ 
take is 1.23 gm. per kilogram per day. This value is con¬ 
siderably higher than the 0.94 gm. per kilogram observed 
by Hetler (’32). It is also somewhat higher than the figures 
reported for medical students at New Orleans (Denis and 
Borgstrom, ’24), Cleveland (Beard, ’27), and Chapel Hill 
(Brooks, ’29), which average slightly above 1 gm. per kilo- 


TABLE 3 

Basal metabolism of normal young women from northern states. Average accord¬ 
ing to age groups 










DEVIATION OF OBSERVED 


MONTHS IN 
FLORIDA 







FROM PREDICTION 

g 

2* 

& 

AOE 

a 

0 

W 

a 

WEIGHT 

SURFACE 

AREA 

a o 
w y w 

HOk 

2*g 

O 04 c tj 

W * 

Aub- 

DuBoia 

modified 

predic¬ 

tion 

JlarriH- 

Benediet 

predic¬ 

tion 

Benedict 

girl 

scout 

predic¬ 

tion 


mo. 

pr. 

wo. 

cm. 

leg. 

sq m. 

l“* 1 

per cent 

per cent 

per cent 

4 

4 

17 

3 

158.6 

51.8 

1.50 

51.22 1 

I 

00 

-9.9 

-10.6 

2 

10 

18 

6 

164.1 

56.6 

1.61 

53.64 j 

-10.1 

-8.9 

- 7.2 

1 

6 

19 

5 

166.0 

52.1 

1.57 

56.10 

- 3.9 

-1.7 


1 

5 

21 

4 

158.2 

54.4 

1.53 

54.84 | 

- 2.8 

-3.2 


Average! | 






! 

~7.7 

~7~8~| 

- 9.5 


gram. Only three subjects (nos. 7, 11, and 20) ate less than 
the Sherman (’33) standard of 1 gm. per kilogram of body 
weight. The quality of the protein consumed appears to be 
quite adequate for meat, milk, and eggs were well distributed 
throughout the diets. The calorie intake was calculated on the 
average daily intake per kilogram of body weight. The aver¬ 
age is 39.9 calories. This would be considered sufficient for 
the activity of these young women. The calorie intake is low 
for the same subjects whose protein intake is low. 

Basal metabolism and protein and calorie intake There 
does not appear to be any definite parallelism between protein 
and calorie intake and basal metabolism. Subject no. 23, 
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who shows a basal metabolism of - 2.4 per cent (Aub-DuBois) 
and -0.2 per cent (Harris-Benedict), which is the highest of 
the group, had an average protein intake of 1.64 gm. per 
kilogram of body weight per day. This is considerably more 
than that of others in the group. The daily calorie intake of 

TABLE 4 


Average protein and calorie intake and the basal metabolism of a group of young 

women living in Florida 


SUBJECT 

NO. 

PROTEIN INTAKE 

CALORIE INTAKE 

AVERAGE BASAL 
METABOLIC RATE 

Average 
per day 

pm. 

69.21 

60.49 

49.97 

57.45 

67.70 

56.23 

72.53 

76.75 

77.30 

65.91 

47.77 

62.46 
69.72 
90.94 
60.79 

77.78 
67.90 
80.17 

Average per 
kilogram body 
weight per day 

Average 
per day 

Average per 
kilogram body j 
weight per day 

Aub-DuBoiB 

prediction 

Harris- 

Benedict 

prediction 

2 

6 

7 

9 

11 

12 

13 

15 

17 

19 

20 

21 

22 

23 

25 

28 

29 

30 

pm. 

1.10 

1.18 

0.82 

1.27 

0.96 

1.09 

1.25 

1.41 

1.48 

1.21 

0.90 

1.38 

1.08 

1.64 

1.12 

1.41 

1.26 

1.49 

2268 

1981 

1662 

1886 

2090 

1960 

2241 

2424 

2520 

2356 

1451 

2184 

2239 

2869 

2148 

2409 

2234 

2720 

42.1 | 

39.2 

27.3 

41.5 

29.8 

37.9 

38.6 

45.7 

42.7 

43.2 

27.3 

39.7 

34.7 

51.6 

39.5 

43.5 

40.7 

53.7 

per cent 

-12.1 

-16.9 

- 13.7 

-18.5 

- 24.4 
-13.1 

-15.1 

-11.9 
-13.0 

-18.6 

-16.5 

-18.4 

-17.6 

- 2.4 

-20.0 

- 9.7 
-13.0 
-13.2 

per cent 

-11.4 
-16.7 
-12.8 
-20.0 

-21.3 

-12.4 

-13.7 

-11.9 
-10.5 
-18.1 
-16.7 
-16.5 
-15.4 
- 0.2 
- 21.6 
- 7.2 
-11.2 
-13.4 

Average 

67.23 

1.23 

2202 

39.9 

-14.9 

-13.9 


this subject was also high, averaging 51.6 calories per kilo¬ 
gram of body weight. In the case of subject no. 11, who had 
the lowest basal metabolism (Aub-DuBois, -24.4 per cent; 
Harris-Benedict, -21.3 per cent), there was a daily intake of 
0.96 gm. protein and 29.8 calories per kilogram of body weight. 
Although the basal metabolism observations were not coin¬ 
cident with the dietary study, it is believed that the diet for the 
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4-day period in October was representative of the customary 
diet while in college, at least. The fact that all of the young 
women eat in the college dining hall where a carefully planned 
diet of approximately the same food value throughout the 
year is served may account for the differences observed by 
Coons and Schiefelbusch (’32). Their study showed the 
calorie intake to be barely adequate, and the protein, although 
adequate in quantity, appeared to be deficient in quality. 

SUMMARY 

1. Basal metabolic rates were determined on a group of 
thirty normal young women who have lived in Florida 8 
years or longer. The average deviations calculated from pre¬ 
diction standards were: Aub-DuBois, modified by Boothby 
and Sandiford, -14.1 per cent; Harris-Benedict, -13.0 per 
cent. 

2. Basal metabolic rates were determined on a group of 
8 young women who had recently come from northern states. 
The average deviations were - 7.7 per cent from the modified 
Aub-DuBois standard, - 7.8 per cent from the Harris-Benedict 
(extrapolated). 

3. A comparison of the average basal metabolism of young 
women living in Florida with those from northern states 
shows a decidedly lower rate for Florida women. 

4. A 4-day dietary study on eighteen young women of the 
group living in Florida showed an average intake of 1.23 
gm. protein and 39.9 calories per kilogram of body weight 
per day. The protein was of good quality. 

5. No consistent relationship was noted between basal 
metabolism and protein or calorie intake. 
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THE VITAMIN G CONTENT OF HOME-CANNED 
TOMATO JUICE 


CHARLES F. POE AND ESTHER L. GAMBILL 
Departments of Chemistry and Home Economies, University of Colorado, Boulder 

ONE FIGURE 

(Koceived for publication July 30, 1934) 

There seems to be some disagreement as to the vitamin G 
content of tomatoes. Hartley (’30) states that tomatoes con¬ 
tain about 0.1G unit of this vitamin; while, on the other hand, 
Daggs and Eaton (’32) claim that this vitamin is not present 
in the juice of the tomato. Goldberger and Wheeler (’27), 
in working with human beings, found tomatoes to possess 
well-marked pellagra-preventive action when fed in amounts 
of approximately 15 gm. per kilo of body weight. 

The investigation reported in this paper gives the quantita¬ 
tive determination of the water soluble, growth-promoting 
factor other than vitamin B in home-canned tomato juice. 

Ripe, sound tomatoes were gathered from the fields and 
immediately made into juice. The tomatoes were washed, 
and any adhering water was removed. They were then 
quartered, and all blemishes and soft spots were cut out. 
The tomatoes were crushed and placed in covered pans and 
were brought quickly to the boiling point. The juice was 
extracted by means of a rotary sieve, placed in quart jars, 
and sterilized in live steam for 30 minutes. 

Healthy young albino rats, progeny of the Wistar strain, 
were weaned at 4 weeks and were given the following diet 
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(Bourquin and Sherman, ’31) which is deficient in vitamin 0, 
but adequate in all other factors necessary for growth. 

Per cent 


Purified casein 18 

Butter fat, water and curd free 8 

Cod liver oil 2 

Salt mixture, Osborne and Mendel ( ? 19) 4 

Cornstarch 68 


Alcoholic extract from 50 gm. of wheat for each 100 gm. of food mixture. 

The animals were kept on the above diet until the surplus 
body store of vitamin (x had been depleted as indicated by 

TABLE 1 


Table showing units of vitamin G in home-canned tomato juice 


SAMPLE 

NO. 

AMOUNT FED IN 
CUBIC CENTI¬ 
METERS 

GAIN IN WEIGHT 

UNITS 

AVERAGE UNITS 

Total 8 weeks 

W eekly average 



gm. 

gm. 



1 

0 

29 

3.63 

0.20 

0.21 


8 

43 

5.38 

0.22 


2 

6 

24 

3.00 

0.17 

0.17 


8 

33 

4.13 

0.17 


3 

6 

21 

2.03 

0.15 

0.18 


8 

38 

4.75 

0.20 


4 

6 

28 

3.50 

0.19 

0.21 


8 

44 

5.50 

0.23 


5 

4 

24 

3.00 

0.25 

0.25 


0 

34 

4.25 

0.24 


6 

4 

24 

3.00 

0.25 

0.27 


6 

41 

5.13 

0.29 


7 

4 

16 

2,00 

0.17 

0.21 


6 

34 

4.25 

0.24 


8 

4 

20 

2.50 

0.21 

0.21 


6 

29 

3.63 

0.20 


9 

4 

38 

2.25 

0.19 

0.20 


6 

30 

3.75 

0.21 


10 

4 

28 

3.50 

0.29 

0.28 


6 

37 

4.63 

| 0.26 


11 

6 

25 

3.13 

0.17 

0.18 


8 

35 

4.38 

0.18 


32 

6 

22 

2.75 

0.15 

0.15 


8 

29 

3.63 

0.15 


13 

6 

22 

2.75 

0.15 

0,16 


8 

33 

4.13 

0.17 


Average 1 

0.206 
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cessation of growth. The animals were then placed in 
separate metal cages with raised bottoms of wide-meshed 
wire screen so as to control coprophagy. Each animal was 
given a daily measured portion of tomato juice in addition 
to the basal diet, ad libitum. 

The animals were weighed three times each week. The 
total gain in weight for an 8-week period was calculated for 
each animal. The weights of the animals which showed an 
average weekly gain nearest to 3 gm. were used to calculate 



Fig. 1 Growth curves, showing the vitamin G content of tomato juices. 


the Sherman units (Bourquin and Sherman, ’31) present in 
each sample. These units are given in table 1. 

Figure 1 shows the average growth curves for the animals 
fed the different samples, and also the growth curves for the 
animals fed the juices having the maximum and minimum 
amount of vitamin. 

The vitamin content was also determined for the filtered 
juice, the first four samples being used. No appreciable 
amount of difference in vitamin content was noted over that 
found when the whole juice was fed. 
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It is evident from the data given in table 1 and figure 1 
that all of the tomato juices tested contained a fair amount 
of a water-soluble factor other than vitamin B which promoted 
growth. Many authors accept this factor as vitamin G. How¬ 
ever, as recently set forth in a review by Lewis (’33), vita¬ 
mins B and G may contain a number of factors. Daggs and 
Eaton (’32) found a limited amount of a growth-promoting 
factor present in tomato juice, but stated that it could not 
be considered as vitamin G because they found definite evi¬ 
dence of dermatitis in feeding amounts of tomato juice up to 
7 cc. It appears that these authors really tested their 
samples for the presence of the old vitamin B-complex, since 
their basal food was lacking in both vitamins B(Bi) and 
G(B,). It seems to the present authors that the growth in 
the animals studied must have been due to vitamin G, since 
none of the rats fed 4 cc. or more of the juice developed 
dermatitis. 

A relatively uniform amount of vitamin G was found in 
all of the samples examined. The minimum amount was 0.15 
unit and the maximum amount was 0.28 unit. The average 
for all samples was 0.21 unit per cubic centimeter or about 
95 units per pound. 

SUMMARY 

1. Thirteen samples of home-canned tomato juice have been 
assayed for vitamin G. 

2. The average vitamin content per cubic centimeter has 
been found to be 0.21 unit. 
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FURTHER STUDIES ON THE EFFECT OF COD LIVER 
OIL ON THE THYROID GLAND 

T. C. SHERWOOD AND W. G. LUCKNER 

Department of Anatomy and Physiology , University of Kentucky , Lexington 

TWO PLATES (SIX FIGURES) 

(Received for publication July 30, 1934) 

It has previously been shown (Moore, ’31) that the feeding 
of an excess of carotene to albino rats results in an accumula¬ 
tion in the liver of large amounts of vitamin A, and that an 
excess of carolene was found to persist apparently unchanged 
throughout the alimentary tract. Capper, McKibbin and 
Prentice (’31) have shown that the fowl as well as the rat 
can convert carotene into vitamin A. These investigators 
report that carotene is not stored in the liver unchanged, but 
is converted into vitamin A. It is obvious, therefore, that 
conversion to the vitamin takes place subsequent to absorp¬ 
tion into the blood stream. 

McCarrison (19) reports that dietaries deficient in vita¬ 
mins lead to a reduction in size and weight of the thyroid 
gland. 

Kojima (17) .showed that the administration of sodium and 
potassium iodides caused an accumulation of colloid in the 
thyroid gland of rats. Chouke (’30) noted that intraperi- 
toneal injection in daily doses of 0.005 gm. and 0.0025 gm. 
of potassium iodide in rats for periods of 10, 15, 20 and 30 
days produced no appreciable change in the structure or in 
the character of the colloid of the thyroid gland. 

Sherwood, Toth and Carr (’34) were able to produce 
marked changes in the thyroid gland of the rat after admin¬ 
istering excessive amounts of cod liver oil. 
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It was decided, therefore, to investigate, as nearly as 
possible, the effects of some of the constituents of cod liver 
oil on the thyroid gland of the rat, and to confirm the results 
obtained by other investigators (Kojima, ’17; Chouke, ’30). 

EXPERIMENTAL PROCEDURE 

The experimental procedure was designed to determine the 
effect of vitamin A and iodine on the thyroid gland in approxi¬ 
mately the same amount as found in cod liver oil. Albino 
rats received, in addition to our basal ration, excessive 
amounts of carotene, lialiver oil, cod liver oil and potassium 
iodide. 

Since carotene is converted into vitamin A (Moore, ’31; 
Capper et ah, ’31) caritol (0.3 per cent carotene in oil) was 
used as a possible source for the vitamin investigation. To 
further observe the effects of vitamin A, lialiver oil (Squibb) 
was used in one series of animals. Each sample of cod liver 
oil was analyzed for iodine content and approximately equiva¬ 
lent amounts of potassium iodide were given to another series 
of adult rats. 

Group T. Fifteen animals were killed at regular intervals 
up to 29 days after having received 0.3 cc. lialiver oil daily. 
This amount of haliver oil contained many times the amount 
of vitamin A found in the same dose of cod liver oil. 

Group II. Seventeen animals were killed at regular inter¬ 
vals from 5 to 45 days after having received 0.1 cc. of caritol 
daily. 

Group III. Six rats were used in order that we might 
confirm our previous report (Sherwood, Toth and Carr, ’34). 
These animals were killed at 5-day intervals, the experiment 
covering a period of 30 days. 

Group IY. Six rats received approximately the equivalent 
iodine found in 0.3 cc. of cod liver oil daily. Animals in this 
series were killed at regular intervals up to 33 days. 

Control rats were kept under identical conditions, receiving 
the same basal diet as in the experimental groups. Control 
animals of the same age and sex as the experimental animals 
were killed for thyroid study in each group. 
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RESULTS 

The control animals in each group show the typical normal 
thyroid gland with an even distribution of colloid and the 
normal epithelium lining the acini. Figure 1 indicates a 
normal rat thyroid. 

The glands of the animals receiving haliver oil (fig. 2), 
caritol (fig. 3), and cod liver oil (fig. 4), sIioav somewhat 
similar pictures, namely, an irregular distribution to a deple¬ 
tion of the colloid. 

The cells lining the acini have increased in height and a 
marked increase in stroma has occurred. Occasionally phago¬ 
cytic cells are found in the remaining colloid. 

The series which received potassium iodide show an in¬ 
crease in colloid after 18 days of experimentation. In 33 
days, the acini are strikingly distended, filled with non-vacuo- 
lated colloid and composed of extremely low epithelium. This 
is well demonstrated in figure 5. 

DISCUSSION 

Vitamin A has been shown to be vital to the growth of 
animals. It would, therefore, seem possible that some change 
would be produced in the glandular tissues of the body when 
diets are lacking in or over-loaded with vitamins. Agduhr 
(’20) showed that regressive tissue changes were produced 
with large doses of cod liver oil. The oestrous cycle was 
apparently affected, since his experimental animals showed 
no sign of heat. 

Carotene and haliver oil have apparently altered the 
appearance of the thyroid gland, but failed to produce the 
marked results demonstrated in cod liver oil experiments. 
This would lead to the conclusion that vitamin A has some 
effect on the structure of the thyroid. Tissue growth is 
apparently introduced, since there is an increase of stroma. 
In the cod liver oil experiment, no increase of stroma is noted, 
but the epithelium of the acini is increased to more than twice 
the normal size and a colloid depletion takes place. In a 
previous report (Sherwood, Toth and Carr, ’34) an excess 
of vitamin D was shown to have no effect on the thyroid gland. 
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It is of interest to note that the approximate amount of 
iodine as found in cod liver oil caused an increase in colloid. 
This is in agreement with the results obtained by Kojima 
(17), but contrary to the results obtained by Chouke (’30). 
In the last mentioned reports far greater amounts of potas¬ 
sium iodide were used. 

The iodine of cod liver oil is apparently not as readily 
available for the metabolic activities as it is in the form of 
potassium iodide. Much of the iodine of cod liver oil was 
lost, since the oil was excreted to some extent. This must 
have been the case, since the feces were very oily. 

The minute amounts of iodine had no effect up to the 
eighteenth day, but following that period all animals showed 
a decided increase in thyroidal colloid. Apparently, an 
accumulation finally took place to produce the results obtained. 

It has been suggested that the introduction of large amounts 
of oil might have caused a change in the thyroid structure 
and that the iodine might have been drawn out into the 
various fat reservoirs. However, animals receiving large 
doses of other oils do not show a colloid depletion. 

SUMMARY AND CONCLUSIONS 

Vitamin A apparently causes some change in the thyroid 
gland of rats. 

Iodine present in the cod liver oil was not responsible for 
any change in the thyroid gland. However, iodine in the 
approximate amount found in cod liver oil, given in the form 
of potassium iodide had a decided effect on the thyroid struc¬ 
ture of the rat. 

A previous report of the senior author (’34) has been 
repeated and confirmed. 

Due to the various results obtained, it is concluded that 
carotene and cod liver oil do not produce identical thyroid 
pictures, but in many respects these are similar. 
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PLATE 1 



1 Photomicrograph of thyroid serdion, hIiow injj normal gluml. X 200 approx. 

2 Photomicrograph of thyioid section, showing effect of 21-day haliver oil experiment. X 200 
approx. 

0 Photomicrograph of thyroid section, showing effect of 4">-day carotene experimentation. 
X 200 ajipi ox. 
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PLATE 2 



•\ Photomiciogiaph of thyroid section, allowing effect of 2-S-duy eod liver oil experimentation. 


X 200 appiox. 


1 Photomicrograph of thyroid seel ion, showing effect of M-dav potassium iodide experiment. 


X 200 approx. 


0 Photomicrograph of thyroid section, showing tffect of IS-dav eod liver oil experiment. X 200 
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FEEDING IN RATS 1 
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College of Physicians and Surgeons, Columbia University, New York 

TWO FIGURES 

(Received for publication July 17, 1934) 

Although cholesterol is a normal constituent of all animal 
food-stuffs, little attention has been paid to the effects on 
omnivorous animals of long-continued feeding of this sterol 
in amounts greater than are ordinarily present in the diet. 
It is well known that in herbivorous animals the ingestion of 
even small amounts of cholesterol causes a condition similar 
to arteriosclerosis in humans. It has not proved possible 
to reproduce this picture in omnivorous animals, but Yuasa 
(’28) and Schonheimer and Yuasa (’29) have shown that the 
cholesterol content of the liver increases markedly after long- 
continued cholesterol feeding in rats, mice and cats. This 
finding has been confirmed by Okey (’33), Chanutin and 
Ludewig (’33), and Blatherwick, Medlar, Bradshaw, Post and 
Sawyer (’33). Okey, Yokela and Knock (’34) have called 
attention to the possibility that a diet containing large amounts 
of cholesterol may have a detrimental effect in humans. They 
found that the cholesterol of the liver is markedly increased 
in rats after feeding dried egg yolk powder at a high level 
for about 2 months and conclude, “But egg yolk is being 
used extremely liberally in diabetic diets at the present time, 
and we feel that the high incidence of diseases associated with 
cholesterol deposition in diabetics (e.g., gall stones and 

1 This investigation was supported in part by the Josiah Macy, Jr., Foundation. 
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arteriosclerosis) may, at least, not be entirely unrelated to 
this fact.” 

In the present investigation we have studied long-continued 
cholesterol feeding in relation to growth, efficiency of food 
utilization, resistance to infection, and deposition of cho¬ 
lesterol in tissues. 

I. CHOLESTEROL FEEDING IN RELATION TO GROWTH AND FOOD 

UTILIZATION a 

The enormous deposits of cholesterol in the liver, which 
have been shown in previous and the present (p. 150) investi¬ 
gations to follow cholesterol feeding, might be expected to 
have an unfavorable influence on growth. The question has 
been studied in three series of experiments. 

Series 1 was preliminary in nature. Control rats were placed 
at weaning on a diet composed of extracted casein, sugar, 
Crisco, salt mixture, Vitavose; and cod liver oil which was 
fed as a supplement. Casein was prepared according to the 
technic described by Sperry (’26). Analysis showed that it 
contained at the most only a trace of cholesterol. An equal 
number of rats received exactly the same diet, except for the 
addition of approximately 1.0 per cent of pure cholesterol. 
The cholesterol used in series I and II was prepared from gall 
stones by extraction with and several recrystallizations from 
alcohol. The solution was boiled with charcoal under reflux 
at the first recrystallization and the last recrystallization was 
from absolute alcohol. Litters were divided as equally as 
possible between the two groups and the sex ratio was the 
same in each. 

At the time those experiments were carried out little in¬ 
formation w r as available concerning the distribution of vita¬ 
min G and we were under the erroneous impression that Vita¬ 
vose provided an ample supply of this factor. As was to have 
been expected, the rats did not grow well; after 162 days 
twelve rats on the low-cholesterol diet had an average weight 

* A preliminary report of this part of the investigation was presented before 
the American Institute of Nutrition at New York, March 28, 1934. 
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of 142 gm., while an equal number on the cholesterol diet aver¬ 
aged 101 gm. The rats receiving cholesterol not only grew 
less well than the controls, but there was a marked difference 
in the general appearance of the two groups of animals. The 
controls, though small, looked perfectly normal. The cho¬ 
lesterol-fed rats, on the other hand, appeared grossly ab¬ 
normal, as evidenced especially by roughness of coat and 
inactivity. 


TABLE 1 

Composition of diets—series II 


SYNTHETIC DIETS 

NATURAL-FOOD DIETS 

Constituent 

Diet A 

Diet B 

i 

i 

Constituent 

DietC 

| Diet E 


l gm. 

gm . 


gm. 

gm. 

Casein (extracted) 

250 

| 250 

Oats 

150 ; 

150 

Orisco 

200 

200 

Barley 

150 

150 

8ugar 

550 

550 

Wheat (spring) 

150 

150 

Salt mixture 1 

50 

50 

Corn (yellow dent.) 

150 

150 

Vitavose 

100 

100 

Soy bean meal 

150 

350 

Vitamin Harris 

10 

10 

Alfalfa meal 

20 

20 

Spin t rate 

4 

4 

Casein (extracted) 

200 

200 

Viosterol (cc.) 

0.2 

0.2 

Salt mixture 1 

30 

30 

Cholesterol 

0 

10 

Crisco 

100 

100 



1 

Cholesterol 

0 

10 


‘McCollum and Simmonds ('18). 


Series II. A group of rats of the Long-Evans strain was 
paired at weaning according to sex and in most instances ac¬ 
cording to litter. One-half of the pairs were placed upon 
synthetic diets A and B (table 1). One member of each pair 
was given the practically cholesterol-free diet A, while the 
other received exactly the same diet with cholesterol added(B). 
The other pairs were fed the natural-food diets C and D. 3 
As in the case of the synthetic diets one member of each pair 
was placed on the cholesterol-free diet C, while the other was 
given exactly the same diet with cholesterol added (D). In 
both groups of cholesterol-fed rats analysis of the feces in¬ 
dicated that only a small part of the cholesterol was excreted. 

3 We are indebted to Dr* T. F. Zucker for suggesting the use of theso diets. 
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The rats were housed in individual cages on wire screens 
and were fed from ‘non-scattering’ cups. A sheet of blotting 
paper was placed on the floor of each cage. The rats and the 
food consumed were weighed every 2 or 3 days. Any spilled 
food was collected carefully from the blotting papers. 

Series III. In this experiment only male rats of the Wistar 
strain were used. 4 All rats were paired according to litter 
and in most instances there was little or no difference in the 
weights of the two rats in a pair. One rat in each pair was 
placed at weaning on diet A t and the other on diet B x which 


TABLE 2 

Composition of diets—series III 


CONSTITUENT 

DIET Ai 

DIET Bi 


gm. 

gm. 

Casein (extracted) 

200 

200 

Crisco 

250 

250 

Sugar 

365 

365 

Salt mixture 1 

50 

50 

Yitavose 

100 

100 

Vitamin Harris 

25 

25 

Spintrate 

10 

10 

Viosterol (cc.) 

0.3 

0.3 

Cholesterol 

0 

20 


1 Hawk and Oser (\31). 


was exactly the same as A lt except for the addition of cho¬ 
lesterol (table 2). Growth and food consumption were 
measured as in series II. 

The cholesterol fed in this experiment was purified from a 
fraction obtained by chilling an alcoholic solution of the un- 
saponifiable material of cod liver oil, which was furnished 
through the courtesy of the National Oil Products Company, 
of Harrison, N. J. It was refluxed in alcohol in the presence 
of charcoal for many hours and recrystallized several times 
from alcohol and finally from ethylene chloride. The melting 

♦We express our gratitude to Dr. Erwin Brand and to Dr. C. J Stucky of the 
New York State Psychiatric Institute and Hospital, for careful selection of these 
rats from their colony. 
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point (corrected) was 148° to 149° and [a] n 20 ° in ether was 
— 31.9°. The absence of appreciable amounts of ergosterol 
was demonstrated by ultraviolet spectrum analysis. During 
the first 6 weeks of the experiment the cholesterol which was 
used had also been purified through the bromide. This prod¬ 
uct had the same physical constants as the unbrominated 
cholesterol. 

TABLE 3 


Effect of dietary cholesterol on growth 


AGE 

NUMBER 

or 

PAIRS 

AVERAGE EXCESS WEIGHT 
OF RATS RECEIVING 

NO CHOLESTEROL 

PROBABLE 

ERROR 

Series IT—Synthetic diet 

days \ 


ym. 

ym. 

20 

12 

1.2 


40 

12 

10.3 

2.7 

60 

12 

21.4 

4.9 

80 

12 

26.8 

5.1 

100 

11 

22.4 

2.9 

Series III—Synthetic diet 

20 

26 

— 0.3 


40 

24 

6.6 

2.8 

60 

18 

14.3 

4.1 

80 

18 

18.7 

4.5 

300 

14 

29.1 

5.5 

120 

8 

31.4 

9.1 

Series II—Natural-food diet 

20 

13 

— 4.0 

1.6 

40 

13 

— 4.8 

2.5 

60 

13 

— 3.1 

3.3 

80 

13 

— 4.7 

3.7 

100 

12 

— 7.3 

3.7 


Growth. The growth curves were plotted for each rat, 
smoothed to rule out day-to-day variations, and the weights 
at 20, 40, 60, 80,100 and 120 days were read off. The weights 
of the cholesterol-fed rats were subtracted from the corre¬ 
sponding weights of their paired controls, the differences 
were averaged, and the probable errors of the means -were 
computed. The results are tabulated in table 3. 
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It is evident that rats on the synthetic diets without cho¬ 
lesterol grew better than their cholesterol-fed mates both in 
series II and III. The average excess weights were signifi¬ 
cant or nearly so for most of the ages measured after 20 days. 

With the natural-food diets cholesterol showed no effect. 
Indeed, rats receiving cholesterol grew on the average a little 
better than the controls, but the differences are not significant. 

The discrepancy between the findings with synthetic and 
natural-food diets is most probably related to the fact that 
the deposits of cholesterol esters found in the livers of rats 
which had received the natural-food diet with cholesterol aver¬ 
aged only about one-fifth as much as in rats which had re¬ 
ceived the synthetic diet. In this connection it is of interest 
that the highest values for cholesterol esters in the liver were 
found in the cholesterol-fed rats of series I, where the effect 
of cholesterol feeding on growth was most marked. We have 
no explanation for the smaller deposits of cholesterol esters 
on the natural-food diet. The finding that the combined cho¬ 
lesterol of the serum was much lower in cholesterol-fed rats on 
the natural-food diet than in the corresponding rats on the 
synthetic diet (table 10) might indicate that cholesterol was 
less well absorbed in the former, but no marked difference in 
absorption was indicated by fecal analysis. 

Food consumption. The total weight of food (less its cho¬ 
lesterol content) consumed by each cholesterol-fed rat during 
the first 60 days on the diet was subtracted from the amount 
consumed by its paired control over the same period. The dif¬ 
ferences were averaged and the probable errors of the aver¬ 
ages were calculated. Differences in food consumption during 
the first 99 days (series II) and the total period (series III) 
were determined in the same way. The data (table 4) show 
that rats on the synthetic, diets without cholesterol consumed 
more food on the average than their controls. The differences 
were just significant for the 99-day period in series II and 
for the 60-day period in series III; they were almost signifi¬ 
cant for the remaining two periods. On the natural-food diet 
the cholesterol-fed rats ate more on the average than their 
controls, but the differences were not significant. 
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These results indicate that animals which grew faster also 
ate more food. The question arises whether the difference in 
growth was due entirely to the difference in food consumption 
or whether some other factor was concerned. Palmer and 
Kennedy (’31) proposed a formula for estimating the efficiency 
of food utilization: 

Digestiblo dry matter consumed 

Efficiency quotient (E. Q.) = Gain in weight X 100 

Mean weight during experiment 

We felt that the calculation of efficiency quotients according 
to this formula might answer the above question. Such calcu¬ 
lations have been made for the same periods as in the analysis 


TABLE 4 

Effect, of dietary cholesterol on food consumption 


BERIES 

DIRT 

NUMBER 

OF 

PAIRS 

PERIOD 

AVERAGE EXCESS FOOD 
CONSUMPTION OF RATS 
RECEIVING NO 
CHOLESTEROL 

PROBABLE 

ERROR 




days j 

gm. j 

gm. 

II 

Synthetic 

12 

! 60 

45.7 

14.5 

II 

Synthetic 

11 

99 

75.5 

18.2 

nr 

Synthetic 

21 

| CO 

31.0 

7.8 

hi 

Synthetic 

26 

Total 1 

35.2 

10.1 

ii 

Natural-food 

13 

60 

— 33.0 

13.9 

ii 

Natural-food 

12 

99 

— 59.0 

21.9 


1 Varied from 27 to 138 days. 


of food consumption. Digestible dry matter was not deter¬ 
mined, since the diets compared were the same, except for 
cholesterol, for which correction was made. Total food con¬ 
sumed was substituted for ‘digestible dry matter’ in the 
formula. The difference in E. Q.’s was determined for each 
pair and the differences were averaged and treated .statisti¬ 
cally just as in the case of food consumption, except that the 
E.Q. of the rat which had not received cholesterol was sub¬ 
tracted from the E. Q. of the cholesterol-fed rat. It must be 
remembered that a higher E. Q. indicates less efficient utiliza¬ 
tion of food. 
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The results (table 5) show that for all periods analyzed on 
both the synthetic and natural-food diets the average E. Q.’s 
were higher for cholesterol-fed rats than for their controls. 
The differences were significant for all periods on the syn¬ 
thetic diets, but they were not nearly significant on the natural- 
food diet as was to have been expected from the inverse 
relationship found with this diet with respect to growth and 
food consumption. 

The inclusion of the term ‘mean weight during experiment’ 
in the calculation of E.Q. had the effect of placing undue 
emphasis on the weight factor. In our experiments the gain 


TABLE 5 

Effect of dietary cholesterol on the efficiency of food utilization 


SERIES 

DIET 

NUMBER 

or 

PAIRS 

PERIOD 

AVERAGE DIFFERENCE 

IN E.Q.'S 

(E.Q. WITH CHOLESTEROL 

-E.Q. WITHOUT 

CHOLESTEROL) 

AVERAGE DIFFERENCE 
IN FOOD 

CONSUMPTION PER 
GRAM GAIN 

II 

Synthetic 

12 

day 8 

60 

1.25 ± 0.28 

0.53 ± 0.09 

II 

Synthetic 

11 

99 

0.81 ± 0.16 

0.34 ± 0.12 

III 

Synthetic 

21 

60 

0.31 ± 0.06 

0.19 ± 0.04 

III 

Synthetic 

26 

Total 1 

0.42 ± 0.07 

0.27 ± 0.06 

II 

Natural-food 

13 

60 

0.31 ± 0.25 

0.33 ± 0.13 

II 

Natural-food 

12 

99 

0.12 ± 0.20 

0.37 ± 0.15 


‘Varied from 27 to 138 days. 


in weight was approximately the same as the mean weight in 
many instances; consequently the weight factor entered the 
equation approximately squared. In other words, since in 
most of our experiments both rats in a pair weighed nearly 
the same at the start, the average weight was directly related 
to the gain ij 1 weight. Hence we have calculated the average 
food consumption per gram gain in weight (the upper term 
in Palmer and Kennedy’s formula) for each of the rats and 
treated the data just as in the case of the E. Q.’s (table 5). 
The results agree with the E. Q.’s in indicating a decreased 
efficiency of food utilization in rats fed a cholesterol-contain¬ 
ing synthetic diet. 
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II. CHOLESTEROL FEEDING IN RELATION TO RESISTANCE TO 

INFECTION • 

There is considerable evidence indicating that cholesterol 
plays an active part in the defense mechanism of the organism. 
The literature on this subject has been reviewed recently by 
Degkwitz (’31) and need not be discussed in detail here. In 
general, it has been found that cholesterol protects red blood 
cells against hemolytic substances. This action has been well 
established in the case of saponins (Ransom, ’01) with which 
cholesterol forms non-hemolytic combinations. 

Numerous investigators have found that the total cho¬ 
lesterol of the blood is markedly reduced at the height of cer¬ 
tain infections. (See Kipp, ’20, and Shope, ’30, for summaries 
of the literature; also see McQuarrie and Stoesser, ’32.) It 
has been assumed by many that this decrease is due to a com¬ 
bination of cholesterol with bacterial toxins, similar to the 
combination with saponins, and Leupold and Bogendorfer 
(’22), Beumer (’23), Borchardt (’29), and Spranger (quoted 
by Degkwitz, ’31, p. 835) have tested this hypothesis by com¬ 
paring the resistance of cholesterol-fed and control animals 
to the same dose of bacterial suspension or toxin. They all 
found, in confirmation of the theory, that cholesterol-fed ani¬ 
mals had greater resistance than controls, as shown by longer 
periods of survival, 8 and all concluded that cholesterol exerts 
a general protective action against bacterial infection. 
Borchardt gives no protocols; the other investigators used 
a total of thirty-four cholesterol-fed animals and twenty-eight 
controls. The diets are not described in detail by any of 
the authors. If the diets received by experimental and control 
animals differed in other respects than their cholesterol con¬ 
tent, the effect may have been due to some other factor which 
was present in different amounts in the two diets. 

8 A preliminary report of this part of the investigation was presented before 
the Society for Pediatric Research at Atlantic City, May 1, 1934. 

•Levinson (*31) found no effect of cholesterol feeding on resistance to 
tuberculosis in rabbits. Experiments in which cholesterol sols were injected, 
such as those of Lubinski and Stern ('26), are open to the criticism that the 
cholesterol in Buch emulsions is not in a physiological state. We have limited our 
discussion and experimental study to the effect of cholesterol feeding. 
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In view of the practical importance of the conclusion that 
cholesterol feeding has a general protective action against 
infection, the relatively small number of experiments on which 
the conclusion has been based, and the incomplete data con¬ 
cerning the diets, it seemed worth while to investigate the 
question further. This has been done by inoculating the rats 
described in part I with the paratyphoid organism Salmonella 
dansyz, 7 and comparing the survival of control and cholesterol- 
fed animals. The experiments were designed so that cho¬ 
lesterol might exert its maximum effect; control rats had re¬ 
ceived a diet containing at the most traces of cholesterol, while 
experimental rats had received exactly the same diet, except 
for the addition of cholesterol, for long periods of time (aver¬ 
age period 141 days). Under these conditions, the cholesterol- 
fed rats might be expected to be saturated with cholesterol; 
that this was the case is shown by the analysis of tissues and 
blood (part III). 

In all of the experiments both control and cholesterol-fed 
rats in each pair received the same amount of the same culture 
intraperitoneally. In order that the amount given might be 
lethal, but not large enough to overwhelm the animals, an at¬ 
tempt was made to determine the minimal lethal dose of the 
organism. This proved impossible, because the stock rats, 
which were used for the test, differed markedly in resistance 
from the rats which had been fed the experimental diets. 8 

We were forced to determine the proper dose by experience 
with the experimental animals themselves. This was done in 
series I and II by injecting a pair at a time and adjusting 
the dose given the next pair according to the results obtained 
with the first, etc. In most instances the periods of survival 
were satisfactory. In series III we extended this technic by 
adjusting the dose on the basis of bacterial counts of the 
cultures used.® 

’We are indebted to Dr. Carl ten Broeck, of the Rockefeller Institute for 
Medical Research, Department of Animal and Plant Pathology, for suggesting 
the use of this paratyphoid organism, because of its general toxicity to rats. 

•Dr. C. A. Slanetz furnished much valuable advice and assistance in mnUng 
these tests and in preparing and injecting the cultures. 

•Miss Florence Fitzpatrick kindly made these counts. 
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In series I the experiments were complicated by a probable 
vitamin G deficiency (p. 132). Despite a marked disadvantage 
in weight and condition, the cholesterol-fed rats showed con¬ 
siderably more resistance than their controls. Three cho¬ 
lesterol-fed rats recovered from the infection, while their 
much heavier controls, receiving the same amount of culture, 
died. The average survival of four other cholesterol-fed rats 
was 128 hours, while the average survival of four controls 
was 90 hours. There were not enough experiments to justify 
any conclusions, but the results were so striking in view of 
the poor condition of the cholesterol-fed rats that it is diffi¬ 
cult to believe that they were due entirely to chance. At least 
they w r ere a stimulus to further studies. 

In series II half of the rats had been fed synthetic diets A 
and B; the other half had received natural-food diets C and D 
(table 1). In three pairs on the synthetic diets the cholesterol- 
fed rat survived its control, in seven pairs the contrary was 
the case, while in one pair both rats survived the same time. 
In six pairs on the natural-food diets both rats recovered 
from the infection, in two pairs the cholesterol-fed rat sur¬ 
vived its control, and in three pairs the reverse was true. 
Obviously, cholesterol showed no protective action in this 
series. 

In all cases a pair of rats on the synthetic diet and a pair 
on the natural-food diet were injected at the same time with 
the same amounts of the same culture. In seven of the eleven 
groups all four rats were litter mates. In six of these groups 
the rats fed natural foods recovered from the infection, while 
most of the rats fed synthetic diets succumbed. In the re¬ 
maining five groups, in all of which the rats were somewhat 
older, no difference in the resistance of rats on synthetic and 
natural-food diets was evident. 

In series III the rats were started at varying times over a 
period of several months so that animals of different ages 
might be injected at the same time with the same culture. A 
few pairs were utilized in determining the proper dose, which 
was calculated from bacterial counts of the cultures used in 
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9 rata received a natural-food diet without cholesterol, *D * rats received the same natural-food diet with cholesterol. 
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the preliminary tests and in the inoculation of the main group 
of rats. The dose was made proportional to the average 
weight of the two rats of a pair but, as in all of these experi¬ 
ments, both members of a pair received the same amount of 
culture. 

In four pairs there was no difference in time of survival, 
in eleven pairs the cholesterol-fed rat survived the control, 
while in eleven pairs the control survived the cholesterol-fed 
rat. Evidently, as in series II, cholesterol exerted no influence 
whatsoever. There seemed to be a tendency for the younger 
rats to show more resistance than the older, but the differences 
were too small to justify further comment. 

Altogether forty-eight pairs of rats were studied in series II 
and III; in sixteen the cholesterol-fed rat survived its con¬ 
trol, in twenty-one the contrary was the case, and in eleven 
both survived for the same time. Evidently, these results do 
not support the conclusion under investigation (that cho¬ 
lesterol feeding increases general resistance to infection). We 
realize that, in view of the large normal variation in the re¬ 
sistance of rats, it is dangerous to draw conclusions from 
small series of experiments, but we feel that if cholesterol had 
a general effect in increasing resistance to infection markedly, 
some evidence of this effect should have appeared in our care¬ 
fully controlled experiments. It hardly seems likely that in 
the thirty-two pairs (two-thirds of the total) where the con¬ 
trol rat survived as long as or longer than the cholesterol-fed 
animal, the control rat chanced to have enough excess natural 
resistance to counterbalance an effect of cholesterol. It is, 
of course, possible that cholesterol exercises a protective ac¬ 
tion against other organisms and it may increase resistance 
to Salmonella dansyz under abnormal conditions, as is sug¬ 
gested by the few experiments of series I, but even if this 
should be proved beyond doubt, the ingestion of this sterol in 
excessive amounts as a protective measure by humans is 
hardly to be recommended in view of the results described 
in parts I and III of this paper. 
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III. CHOLESTEROL FEEDING AND INFECTION IN RELATION TO THE 
CHOLESTEROL OF TISSUES AND BLOOD 10 

Relatively few studies of free and combined cholesterol of 
tissues have been reported, largely because the only method 
available until recently (digitonin gravimetric) requires large 
amounts of tissue and is laborious and time-consuming. The 
availability of a new, rapid method (Schoenheimer and Sperry, 
’34) made possible the utilization of the material described in 
parts I and II in studying the effect of infection and of long- 
continued cholesterol feeding on tissue cholesterol. Nearly 
1000 individual analyses have been made. 

Tissues were removed as soon as possible after the death 
of the animal and a small sample was weighed for moisture 
determination. In series I and II another sample was 
weighed, ground with sand, and extracted three times with 
boiling alcohol followed by three washings with ether. The 
extracts were filtered into a volumetric flask and made up 
to volume with alcohol. Free and total cholesterol were de¬ 
termined either by the method of Schoenheimer and Sperry 
or by a macro-modification thereof. Where the micro pro¬ 
cedure was used an aliquot of the alcohol-ether extract was 
taken to dryness in a small beaker, washed quantitatively with 
absolute alcohol-acetone (1:1) into a 5-cc. volumetric flask, 
and made up to volume. From this point on the procedure 
was the same as described by Schoenheimer and Sperry. 

The macro modification was the same in principle as the 
micro, but the technic differed in several details. It was 
necessary to concentrate aliquots of the alcohol-ether extract 
to 2 cc. (free) or 1 cc. (total) in 15-cc. centrifuge tubes. Free 
cholesterol was precipitated by 1 cc. of 1 per cent digitonin 
in 40 per cent alcohol. In the determination of total cho¬ 
lesterol alkali was added in the form of sodium wire, the 
samples were digested 90 minutes at 60°, and acidified with 
10 per cent HC1 in absolute alcohol. The solution was filtered 
into another 15-cc. centrifuge tube, using a fritted glass filter 
with a Pregl siphon, and washing several times with ether, 

10 A preliminary report of this part of the investigation was presented before 
the American Society of Biological Chemists at New York, March 29, 1934. 
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which was removed by drawing a stream of air through the 
tube. The volume was adjusted to 2 cc. with alcohol and 
digitonin was added as in the determination of free cholesterol. 
Centrifuging, washing and color development were carried 
out in essentially the same manner as in the micro procedure. 
Five-mm. cells (instead of 5-cm.) were used in reading. (We 
prefer the micro procedure as described by Schoenheimer 
and Sperry. We were forced to employ the macro method 
in the early part of this work as at that time 5-cm. micro cells 
were not available.) 

In devising the above procedure a great many control 
analyses were carried out, similar to those described in con¬ 
nection -with the micro method. The accuracy was about 
the same in both procedures. 

Where sufficient material was available most of the deter¬ 
minations were made in duplicate. Duplicates usually agreed 
within 3 per cent; in a few cases where they differed by more 
than 5 per cent, the analysis was repeated. 

In series III the liver and intestinal tract were removed 
and the remaining carcass was minced thoroughly by passing 
several times through a fine grinder. An aliquot was taken 
for moisture determination and the remainder (or a large 
aliquot) was extracted completely with hot alcohol in a con¬ 
tinuous extractor (Sperry, ’26). The alcohol was removed 
in vacuo, the residue was extracted with ether, the ether solu¬ 
tion was dried over sodium sulphate, filtered, and the ether 
was boiled off. The residue was extracted with petroleum 
ether, the dried extract was weighed to give total lipids, and 
an aliquot was dissolved in alcohol-acetone for cholesterol 
determination as described above. Liver was analyzed by a 
similar procedure with determination of total petroleum 
ether-soluble lipids. 

Effect of infection on tissue cholesterol. Little is known 
about the effect of infection on the cholesterol of tissues. 
Chauffard, Laroche and Grigaut (’12) found low values for 
the total cholesterol of the adrenals in humans with acute 
infections. Landau and McNee (’14) confirmed this finding 
in a few cases and stated that the decrease was largely in 
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the cholesterol esters. A few investigators (Wacker and 
Hueck, ’13), using histological methods, have found a decrease 
in the cholesterol esters (doubly-refracting bodies) of the 
adrenal in acute infection in humans. Baumann and Holly 
(’25) reported that the total cholesterol of the adrenals was 
definitely reduced in guinea pigs dying of various infections. 
The same was true of rabbits, though the results were more 
variable and increases were observed when the animals were 
sacrificed in the early stages of the infection. 

Save for a few isolated determinations in humans (see 
Burger, ’28, for a summary), other tissues do not appear to 
have been studied. 

In the present investigation analyses of liver, kidney, lung, 
adrenal, muscle, skin, and the entire carcass (except for liver 
and intestinal tract) were made. The data (calculated as 
percentage cholesterol in dry tissue, except in the case of the 
adrenal) have been grouped arbitrarily according to the period 
of survival in order to determine whether any significant 
changes in tissue cholesterol accompanied the infection (table 
6). Average values with probable errors are given for the 
different groups. Analyses of liver, lung, kidney, and adrenal 
in rats which had received the natural-food diets C and D are 
not included, because there were too few data in most of the 
groups to justify comparisons. The results agree in most 
instances with those presented in regard to influence of 
infection. A few rats were sacrificed without inoculation as 
controls. Rats which recovered from the infection may also 
be considered as controls, since in most cases results from 
the ‘recovered’ and control groups agree closely. 

In order to conserve space, the data will not be discussed 
in detail. The infection appeared to cause significant 11 de¬ 
creases in 1) the combined cholesterol of the liver 12 and 2) the 

u The word 4 significant 9 is used to indicate that the difference between averages 
is more than four times the probable error of the difference. 

** In the case of cholesterol-fed rats there was also a decrease in the combined 
cholesterol of the liver, but the differences between groups are not significant, 
because of a large variation between individuals and a few very high values 
in the 40- to 120-hour and > 120-hour groups in series I and II. When the 
largest and best controlled series (III) is considered separately, a highly 
significant decrease is observed. 
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TABLE 6 

Influence of infection on tissue cholesterol 



NUMBER 


CHOLESTEROL 


GROUP 

OP 

RATS 

DIET 1 

SERIES Total Free 

per cent per cent 

Combined 
per cent 




Liver 


Sacrificed* 

6 

A 

I, II and III 0.93 ± 0.15 0.65 ± 0.04 

0.28 ± 0.11 

Survived < 40 hours 

16 

A 

I, II and III 0.85 ±0.04 0.70 ±0.02 

0.15 ± 0.02 

Survived 40 to 120 hours 

13 

A 

1,11 and ITI 0.83 ± 0.03 0.73 ± 0.03 

0.10 ± 0.01 

Survived >120 hours 

12 

A 

I, II and III 0.79 ± 0.02 0.74 ± 0.03 

0.05 ± 0.01 

Recovered* 

2 

A 

I, II and III 0.85 0.73 

0.12 

Sacrificed 

5 

B 

I, II and III 12.59 ±2.30 0.89 ± 0.05 

11.70 ± 2.27 

Survived < 40 hours 

16 

B 

I, II and III 10.89 ± 0.75 1.02 ± 0.03 

9.87 ± 0.76 

Survived 40 to 120 hours 

11 

B 

I, II and III 8.75 ±0.99 1.14 ± 0.05 

7.61 ± 0.95 

Survived >120 hours 

10 

B 

1,11 and III 9.20 ± 2.24 1.34 ± 0.15 

7.86 ± 2.11 

Recovered 

8 

B 

I, IT and HI 12.72 ± 1.60 0.84 ± 0.03 

11.88 ± 1.35 




Kidney 


Sacrificed 

6 

A 

I and II 1.71 ± 0.07 1.58 ± 0.06 

0.13 ± 0.04 

Survived < 40 hours 

3 

A 

I and II 1.80 1.78 

0.02 

Survived 40 to 120 hours 

6 

A 

I and II 1.60 ±0.05 1.51 ±0.04 

0.09 ± 0.02 

Survived > 120 hours 

6 

A 

I and II 1.68 ± 0.07 j 1.58 ± 0.06 

0.10 ± 0.02 

Recovered 

1 

A 

I and II 1.81 1.76 

0.05 

Sacrificed 

6 

B 

landII 2.18 ±0.22 1.81 ± 0.18 

0.37 ± 0.08 

Survived < 40 hours 

5 

B 

I and 11 2.20 ± 0.09 1.90 ± 0.03 

0.30 ± 0.06 

Survived 40 to 120 hours 

5 

B 

I and II 2.19 ±0.11 1.96 ± 0.14 

0.23 ± 0.02 

Survived > 120 hours 

3 

B 

I and II 2.02 1.66 

0.36 

Recovered 

6 

B 

I and II 2.18 ±0.08 1.85 ± 0.03 

0.33 ± 0.06 




Lung 


Sacrificed 

6 

A 

I and II 2.40 ± 0.19 2.17 ± 0.14 

0.23 ± 0.03 

Survived < 40 hours 

3 

A 

I and II 1.65 1.56 

0.09 

Survived 40 to 120 hours 

6 

A 

I and II 1.41 ± 0.11 1.23 ± 0.10 

0.18 ± 0.02 

Survived > 120 hours 

7 

A 

I and IT 1.54 ± 0.04 1.38 ± 0.03 

0.16 ± 0.01 

Recovered 

1 

A 

I and II 2.12 2.00 

0.12 

Sacrificed 

5 

B 

T and II 2.77 ± 012 2.00 ± 0.07 

“6.77 ±0.08 

Survived < 40 hours 

| 5 

B 

I and II 2.71 ± 0.11 2.13 ± 0.14 

0.58 ± 0.08 

Survived 40 to 120 hours 

5 

B 

I and II 2.12 ± 0.11 1.50 ± 0.11 

! 0.62 ±0.08 

Survived >120 hours 

3 

B 

I and II 3.44 i 2.23 

1.21 

Recovered 

6 

B 

I and II 3.52 ± 0.41 i 2.34 ± 0.13 

1.18 ±0.33 




Adrenal* 


Sacrificed 

6 

A 

I and II 5.28 ± 0.62 0.46 ± 0.05 

4.82 ± 0.58 

Survived < 40 hours 

3 

A 

I and IT 0.65 0.26 

0.39 

Survived 40 to 120 hours 

6 

A 

I and II 0.61 ± 0.08 0.21 ± 0.02 

0.40 ± 0.07 

Survived > 120 hours 

6 

A 

I and II 0.77 ± 0.05 0.25 ± 0.02 

0.52 ± 0.05 

Recovered 

1 

A 

I and II 2.95 0.39 

2.56 

Sacrificed 

5 

B 

I and II 9.39 ± 1.14 0.51 ± 0~07 

8.88 ±1.08 

Survived < 40 hours 

5 

B 

I and II 5.16 ± 0.49 0.76 ± 0.09 

4.40 ± 0.43 

Survived 40 to 120 hours 

5 

B 

I and II 2.03 ± 0.45 0.3] ± 0.04 

1.72 ± 0.36 

Survived >120 hours 

3 

B 

1 and II 3.32 0.81 

2.51 

Recovered 

6 

B 

I and II 10.46 ± 1.09 0.65 ± 0.06 

9.81 ± 1.06 




Carcass 6 


Survived < 40 hours 

12 

A 

hi o.4i ± o:o2T'o727'±~ oST 

0.14 ± 0.01 

Survived 40 to 120 hours 

7 

A 

III 0.56 ± 0.03 0.35 ± 0.01 

0.21 ± 0.02 

Survived > 120 hours 

5 

A 

ITI 0.55 ± 0.09 0.34 ± 0.05 

0.21 ± 0.04 

Recovered 

1 

A 

III 0.49 0.32 

0.17 

Survived < 40 hours 

9 

B 

“ III ~ 0.51 ±0.02 0.32 ±0.0r 

' 0A9 ± 6.01” 

Survived 40 to 120 hours 

5 

B 

ITI 0.66 ± 0.06 0.42 ± 0.04 

0.24 ± 0.02 

Survived > 120 hours 

7 

B 

III 0.79 ± 0.05 0.50 ±0.03 

0.29 ± 0.03 

Recovered 

2 

B | 

III 0.37 0.25 

0.12 


1 A was a synthetic, cholesterol-free diet. B was exactly the same, except for the addition 
of cholesterol. 

*Rats in the 1 sacrificed * groups had not been injected with a bacterial culture. 

•When sacrificed, rats in the ‘recovered ’ groups were eating well and had recovered 
completely from the infection as judged by general appearance. 

• Values for the adrenal are calculated as percentage of fresh tissue. 

• Liver and intestinal tract were removed. See text. 
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free cholesterol of the lung in rats which had received no cho¬ 
lesterol in the diet, and 3) in the combined cholesterol of the 
adrenal both in rats which had and had not been fed cho¬ 
lesterol. Significant increases in both free and combined 
cholesterol of the carcass accompanied the infection. Muscle 
and skin were analyzed in rats of series I. There were too 
few determinations to justify detailed presentation, but it is 
of interest that the results agree with the findings on the 
carcass in showing marked increases in cholesterol accom¬ 
panying the infection. A decrease in the combined cholesterol 
of the lung and an increase in the free cholesterol of the liver 
were also noted, but the differences were not significant. 
There was no change in the kidneys. 


TABLE 7 

Total lipids in carcass and liver. Series III 


GROUP 

TOTAL LIPIDS 

DIFFERENCE BETWEEN 
TOTAL LIPIDS 

AND CHOLESTEROL 
ESTERS OF LIVER 
DIET B 

In carcass 

In liver 

Diet A 

Diet B 

Diet A 

Diet B 


per cent 

per cent 

per cent 

per cent 

per cent 

Survived < 40 hours 

46.6 ± 2.3 

50.8 ± 2.3 

15.2 ±0.3 

28.9 ± 1.0 

13.0 ± 0.3 

Survived 40 to 120 hours 

35.0 ± 2.1 

35.6 ± 2.8 

16.8 ± 0.8 

23.4 ± 1.1 

16.3 ± 0.4 

Survived > 120 hours 

35.1 ± 3.0 

31.0 ± 0.9 

14.5 ± 0.6 

20.8 ± 1.0 

15.3 ± 0.7 


Wo do not feel justified in drawing final conclusions from 
our data, since there are too few determinations in many of 
the groups to satisfy strict statistical requirements. A trans¬ 
port of cholesterol from glandular tissue, such as liver and 
adrenal, probably to the muscles and skin under the influence 
of the infection is indicated. 

Effect of infection on total {petroleum ether-soluble) lipids. 
Petroleum ether-soluble lipids of the carcass and liver were 
determined in series III. The results are summarized in 
table 7. The lipids of the carcass decreased as the infection 
progressed, but the differences are not statistically significant 
in the case of rats which had not received cholesterol. It is 
surprising that the decreases were not larger, in view of the 
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severity of the infection and the failure, for the most part, 
of the animals to eat. 

There was no appreciable change in liver lipids of rats 
which had received no cholesterol. In rats which had received 
cholesterol there was a significant decrease as the infection 
progressed. The individual percentages of cholesterol esters 
(calculated as cholesterol oleate from the combined cho¬ 
lesterol values) were subtracted from the corresponding total 
lipid percentages. The average differences are very nearly 
the same as the total lipid percentages found in rats which 
had not received cholesterol. The variation is less than was 
shoAvn by the total lipid values. Apparently, the increase in 
liver lipids on the cholesterol diet and the decrease accom¬ 
panying the infection were entirely in the cholesterol ester 
fraction. 

The influence of cholesterol feeding on the cholesterol of 
tissues. Several investigators have reported recently that 
long-continued cholesterol feeding causes large increases in 
the cholesterol of the liver (p. 131). In agreement with this 
work, our data show an enormous increase in combined cho¬ 
lesterol of the liver in rats which received cholesterol in the 
diet (table 6). 

Chanutin and Ludewig (’33) found the total lipids of the 
liver to be increased markedly by cholesterol feeding. Calcu¬ 
lation from average percentages shows that the increase was 
considerably greater than can be accounted for by increased 
cholesterol esters. Okey (’33) also found a greater increase 
in the total fatty acids of the liver than the fatty acids com¬ 
bined with cholesterol could explain. In our experiments the 
increase in liver lipids following cholesterol feeding was very 
nearly the same as the increase in cholesterol esters (table 7). 
We have no explanation of this discrepancy. The negligible 
amount of cholesterol esters in the livers of rats which had 
not received cholesterol was disregarded in making these 
calculations. 

In this connection it is interesting that cholesterol feeding 
caused no increase in the lipids of the carcass. 
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Okey reports no effect of cholesterol feeding on the free 
cholesterol of the liver, while Chanutin and Ludewig found 
an increase. Our data on free cholesterol of the liver of rats 
which had not received cholesterol have been compared with 
the corresponding values for rats which had received cho¬ 
lesterol (table 8). The results have been tabulated by groups 
according to the survival of the animals in order to rule out 
the effect of the infection as far as possible. In all groups 
the percentages are higher in the case of cholesterol-fed rats 
than in rats which had not received cholesterol and in most 
instances the differences are significant. 


TABLE 8 

Effect of cholesterol feeding on free cholesterol of liver 




FREE CHOLESTEROL 


PROBABLE 
ERROR OF 
DIFFERENCE 

GROUP 

SERIES 

Without 
cholesterol 
in diet 

With 

cholesterol 
in diet 

DIFFER¬ 

ENCE 

Sacrificed 

All 

per cent 

0.05 ± 0.04 

per cent 

0.89 ± 0.05 

0.24 

0.06 

Survived < 40 hours 

All 

0.70 ± 0.02 

1.02 ± 0.03 

0.32 

0.07 

Survived 40 to 120 hours 

All 

0.73 ± 0.03 

1.14 ± 0.05 

0.41 

0.06 

Survived > 120 hours 

All 

0.74 ± 0.03 

1.34 ± 0.15 

0.60 

0.15 

Survived < 40 hours 

III 

0.71 ± 0.02 

0.96 ±: 0.02 

0.25 

0.03 

Survived 40 to 120 hours 

III 

0.74 ± 0.04 

1.02 ±: 0.05 

0.28 

0.06 

Survived > 320 hours 

III 

0.73 ± 0.06 

1.03 ± 0.06 

0.30 

0.08 


Chanutin and Ludewig are the only authors who have 
studied the effect of cholesterol feeding on the cholesterol of 
other tissues than liver in the rat. They conclude that there 
were no changes in the tissues which they studied (kidney, 
heart and brain). We have analyzed our data on other tissues 
in the same manner employed for free cholesterol of the liver 
(table 9). Cholesterol-fed rats showed a higher average cho¬ 
lesterol content than controls in every group compared, except 
one. Although in the majority of cases the differences are not 
statistically significant, due to a considerable individual varia¬ 
tion, we feel that the consistency of the results and the rela¬ 
tively large percentage increases in most cases indicate a 
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tendency for cholesterol to deposit in tissues generally during 
long-continued cholesterol feeding. These deposits are, how¬ 
ever, insignificant when compared with the enormous in- 

TABLE 9 


Effect of cholesterol feeding on the cholesterol content of various tissues 




CHO¬ 

LESTEROL 

mACTION 

CHOLESTEROL 

INCREASE 

GROUP 

TISSUE 

Without 
cholesterol 
in diet 

With 

cholesterol 
in diet 

ON CHO¬ 
LESTEROL 
DIET 

Sacrificed 

Kidney 

Total 

per cent 

1.71 ± 0.07 

per cent 

2.18 ± 0.22 

per cent 

27.5 

Survived 40 to 120 hours 

Kidney 

Total 

1.60 ± 0.05 

2.19 ± 0.11 

36.9 

Sacrificed 

Kidney 

Free 

1.58 ± 0.06 

1.81 ± 0.18 

14.6 

Survived 40 to 120 hours 

Kidney 

Free 

1.51 ± 0.04 

1.96 ± 0.14 

29.8 

Sacrificed 

Kidney 

Combined 

0.13 ± 0.04 

0.37 ± 0.08 

184.6 

Survived 40 to 120 hours 

Kidney 

Combined 

0.09 ± 0.02 

0.23 ± 0.02 

155.6 

Sacrificed 

Lung 

Total 

2.40 ± 0.19 

2.77 ± 0.12 

15.4 

Survived 40 to 120 hours 

Lung 

Total 

1.41 ± 0.11 

2.12 ± 0.11 

50.4 

Sacrificed 

Lung 

Free 

2.17 ± 0.14 

2.00 ± 0.07 

— 7.8 

Survived 40 to 120 hours 

Lung 

Free 

1.23 ± 0.10 

1.50 ±0.11 

22.0 

Sacrificed 

Lung 

Combined 

0.23 ± 0.03 

0.77 ± 0.08 

234.8 

Survived 40 to 120 hours 

Lung 

Combined 

0.18 ± 0.02 

0.62 ± 0.08 

244.4 

Sacrificed 

Adrenal 

Total 

5.28 ± 0.62 

9.39 ± 1.14 

77.8 

Survived 40 to 120 hours 

Adrenal 

Total 

0.61 ± 0.08 

2.03 ± 0.45 

232.8 

Sacrificed 

Adrenal 

Free 

0.46 ± 0.05 

0.51 ± 0.07 

10.9 

Survived 40 to 120 hours 

Adrenal 

Free 

0.21 ± 0.02 

0.31 ± 0.04 

47.6 

Sacrificed 

Adrenal 

Combined 

4.82 ± 0.58 

8.88 ± 1.08 

| 84.2 

Survived 40 to 120 hours 

Adrenal 

Combined 

0.40 ± 0.07 

1.72 ± 0.36 

330.0 

Survived < 40 hours 

Carcass 

Total 

0.41 ± 0.02 | 

0.51 ± 0.02 

24.4 

Survived 40 to 120 hours 

Carcass 

Total 

0.56 ± 0.03 

0.66 ± 0.06 

17.9 

Survived >120 hours 

Carcass 

Total 

0.55 ± 0.09 

0.79 ± 0.05 

43.6 

Survived < 40 hours 

Carcass 

Free 

0.27 ± 0.01 

0.32 ± 0.01 

18.5 

Survived 40 to 120 hours 

Carcass 

Free 

0.35 ± 0.01 

0.42 ± 0.04 

20.0 

Survived >120 hours 

Carcass 

Free 

0.34 ± 0.05 

0.50 ± 0.03 

47.1 

Survived < 40 hours 

Carcass 

Combined 

0.14 ± 0.01 

0.19 ± 0.01 

35.7 

Survived 40 to 120 hours 

Carcass 

Combined 

0.21 ± 0.02 

0.24 ± 0.02 

14.3 

Survived > 120 hours 

Carcass 

Combined 

0.21 ± 0.04 

0.29 ± 0.03 

38.1 


creases in combined cholesterol of the liver. In several of 
our cholesterol-fed rats over half of the total body (except 
intestinal tract) cholesterol was present in the liver. 

The cholesterol of the blood serum was determined in rats 
which were sacrificed without infection and which recovered 
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from the infection (table 10). Cholesterol feeding caused 
large increases in all cholesterol fractions. The effect was 
much more marked with synthetic than with natural-food diets 
(p. 136). 

It is evident that omnivorous animals, such as the rat, do 
not differ from herbivorous animals in the ability to absorb 
cholesterol and deposit it in tissues. They appear to differ 
markedly in regard to cholesterol deposits in the arteries. 
Aortas from most of the cholesterol-fed rats were examined 
by Dr. Beryl Paige, of the Department of Pathology, Babies ’ 


TABLE 10 

Cholesterol in serum 



NUMBER 



CHOLESTEROL* 


GROUP 

OP 

RATS 

DIET 

Total 

mg./100 cc. 

Free 

mg./100 cc. 

Combined 
mg./100 cc. 

Sacrificed 

5 

A 

59.9 ± 2.6 

18.4 ± 1.9 

41.5 ± 1.0 

Recovered 

2 

A 

59.1 

17.3 

41.8 

Sacrificed 

5 

B 

231.4 ± 29.1 

48.1 ± 8.1 

183.3 ± 22.3 

Recovered | 

8 

B 

211.7 ± 14.7 

56.1 ± 4.4 

155.6 ± 10.9 

Sacrificed 

2 

0 

59.6 

18.1 

41.5 

Recovered 

8 

C 

51.2 ± 2.8 

12.4 ± 1.0 

38.8 ± 2.2 

Sacrificed 

2 

D 

95.0 

20.8 

74.2 

Recovered 

6 

D 

108.1 ± 11.0 

25.6 ± 2.6 

82.5 ± 8.6 


Hospital. No arteriosclerotic lesions were discovered. Under 
the same dietary conditions, marked lesions, involving large 
cholesterol deposits, would have been expected in rabbits. 

SUMMARY 

Long-continued ingestion of cholesterol at a high level has 
been studied in relation to growth, efficiency of food utiliza¬ 
tion, resistance to infection, and deposition of cholesterol in 
tissues. 

Cholesterol-fed rats grew less well, ate less food, and 
utilized their food less efficiently than controls receiving the 
same synthetic diet without cholesterol. These effects are 
most probably related to the large deposits of cholesterol 
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esters found in the livers of the cholesterol-fed rats, since 
they were not observed in a group of rats (receiving a natural- 
food diet plus cholesterol) in which the deposits of cholesterol 
were relatively small. 

Except in a small series complicated by a probable vitamin 
G deficiency rats fed diets high in cholesterol for long periods 
of time showed no more resistance to the paratyphoid organ¬ 
ism Salmonella dansyz than controls fed exactly the same 
diet without cholesterol. 

Free, total and combined cholesterol have been determined 
in various tissues of the rats used in the foregoing studies. 
Decreases in the cholesterol of liver, adrenal and lung and 
increases in the cholesterol of the entire carcass (except for 
liver and intestinal tract) accompanied the paratyphoid in¬ 
fection. No changes were observed in kidney cholesterol. 

Increases in all cholesterol fractions of all tissues studied 
followed cholesterol feeding, but the increase was large only 
in the combined cholesterol of the liver. 
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Little attention has been paid to the cholesterol of bird 
tissues or the effect of diet thereon. Several investigators 
(Yamagouchi, ’25; Anitschkow, ’25; Uchiyama, ’30) have 
reported deposits of cholesterol esters (anisotropic droplets) 
in the livers of chickens and pigeons following the feeding of 
cholesterol. From these results it would appear that cho¬ 
lesterol is absorbed and deposited by birds as it is by mam¬ 
mals ; but the only chemical analyses, of which we are aware, 
are those of Hotta (’24), who determined the total cho¬ 
lesterol of a number of tissues in the pigeon following cho¬ 
lesterol feeding. Marked increases in the cholesterol of 
liver, muscle, spleen, gonads and blood, and small increases 
in adrenal, pancreas, and brain cholesterol followed the in¬ 
gestion of large quantities (0.25 to 0.50 gm. per pigeon per 
day) of cholesterol over a period of about 1 month. Unfortu¬ 
nately, from the standpoint of the problem at hand, these 
experiments were complicated by the presence of beri-beri. 
The diet consisted only of polished rice and cholesterol. The 
experiments were suggested by the finding of Lawaczeck (’23) 
and Hotta (’23) (later confirmed by Messerle, ’25) that the 
cholesterol of various tissues (liver, muscle, spleen, pancreas, 
brain and blood) is increased in beri-beri. The increases 
found by Hotta after cholesterol feeding were little, if any, 

*This investigation was supported in part by the Josiah Macy, Jr., Foundation. 
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greater in most tissues than the increases caused by beri-beri 
per se. 

We have been fortunate in obtaining the livers 2 from a 
number of chickens which had been fed diets varying widely 
in cholesterol content under carefully controlled conditions 
in the course of an investigation of the nutritional encephalo- 
malacia described by Pappenheimer and Goettsch (’31, ’33, 
’34). Free, total, and combined cholesterol have been deter¬ 
mined in these livers. 

EXPERIMENTAL 

The extraction of the livers and the determination of cho¬ 
lesterol were carried out in the manner described in the pre¬ 
ceding paper (Sperry and Stoyanoff, ’35). The micro method 
was used exclusively for the cholesterol analyses. 

DISCUSSION 

The results, expressed as percentage of dry weight of liver, 
are presented in table 1. On diet 634, which was low in cho¬ 
lesterol, the values are quite uniform. The total cholesterol 
percentages are about the same as those found in rats which 
received a synthetic diet without cholesterol (diet A) (table 6 
of the preceding paper), but the free cholesterol is slightly 
higher and the combined cholesterol is lower. 

Diet 108, although low in cholesterol, probably contained 
more of this sterol than diet 634, since it was comprised 
largely of substances (lard, casein and skimmed milk powder) 
containing small percentages of cholesterol. A definite 
tendency to deposit cholesterol esters in the liver was ex¬ 
hibited by chicks on this diet. Most of the values are higher 
than were found with diet 634. (Note especially chick 1409.) 

The commercial lecithin, which was fed along with diet 108 
in the third series, may have contained small amounts of 
cholesterol. Most of the chicks showed no greater deposits 
than the controls on diet 108, but both free and combined 

* We are greatly indebted to Dr. Alwin M. Pappenheimer and Dr. Maria nne 
Goettsch for this material. 



TABLE 1 

Cholesterol in chicken livers on different diets 


DATS 


CHOUEBTEBOD 


OK 

duet 

Total 

Free 

Combined 

per cent 

per cent 

per cent 


Natural-food diet 634 1 


1488 

33 

0.833 

0.776 

0.057 

1362 

37 

0.908 

0.855 

0.053 

1475 

37 

0.928 

0.844 

0.084 

1479 

37 

1.021 

0.942 

0.079 

1485 

44 

0.783 

0.735 

0.048 

1477 

53 

0.718 

0.676 

0.042 


Diet 108 1 


1408 

26 

1.071 

0.873 

0.198 

1415 

28 

0.879 

0.786 

0.093 

1413 

49 

0.996 

0.835 

0.161 

1404 

50 

1.011 

0.829 

0.182 

1402 

56 

1.000 

0.942 

0.058 

1407 

56 

0.846 

0.714 

0.132 

1409 

56 

1.471 

1.143 

0.328 

1414 

59 

0.992 

0.802 

0.190 

1418 

59 

0.896 

0.826 

0.070 


Diet 108 -f- 0.1 gm. lecithin 3 per chick per day 


1436 i 

| 24 

1 1.209 

0.996 

0.213 

1439 

25 

j 0.972 

0.851 

0.121 

1448 

30 

I 1.648 

1.535 

0.113 

1441 

34 

1.020 

1.044 


1454 

41 

0.955 

0.835 

6/120 

1452 

42 

1.051 

0.923 

0.128 

1456 

42 

0.858 

0.757 

0.101 

1437 

47 

2.898 

1.818 

1.080 

1446 

49 

0.865 

0.844 

0.021 

1453 

49 | 

1 1.702 

1.256 

0.446 


Diet 108 -f 1 ec 

. egg yolk per chick per day 


1432 

40 

4.177 

2.578 

1.599 

1421 

47 

0.811 

0.708 

0.103 

1426 

49 

1.113 

0.911 

0.202 

1420 

50 

0.931 

0.795 

0.136 

3423 

50 

1.107 

0.847 

0.260 

1424 

50 

0.955 

0.852 

0.103 

1428 

50 

0.909 

0.810 

0.099 

1430 

50 

0.982 

0.804 

0.178 

1433 

50 

0.704 

0.644 

0.060 


Diet 108 -f 5 gm. calf brain per chick per day 


1466 

1473 l 

24 

G.891 

1.874 

5.017 

1460 J 

1469 

42 

1.691 

1.086 

0.605 

1463 

44 

3.024 

i 1.888 

1.136 

1457 

47 

1.560 

1.226 

0.334 

1458 

59 

1.264 

1.000 

0.264 

1459 

59 

1.599 

1.353 

0.246 

1461 

59 

1.613 

1.148 

0.465 

1462 

59 

4.116 

1.660 

2.456 

1464 

59 

1.949 

1.277 

0.672 

1465 

59 

1.784 

1.251 

0.533 

1468 

59 

1.130 

0.891 

0.239 

1471 

59 

3.098 

1.340 

1.758 

1472 

59 

2.817 

1.599 

1.218 

1467 

61 

2.201 

1.664 

0.537 

1470 

61 

1.694 

1.399 

0.295 


1 See Pappenheimer and Goettsch (*33) for the composition of diets 634 and 108. 
* Commercial lecithin was used. 
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cholesterol were exceptionally high in the case of chick 1437, 
while the free cholesterol was elevated in the case of chick 
1448. 

The 1 cc. of egg yolk fed with diet 108 in the fourth series 
may be assumed to have contained approximately 15 mg. of 
cholesterol since most published analyses of egg yolk show 
a cholesterol content of about 1.5 per cent. This amount 
showed no effect, except in chick 1432, where very high 
values for both free and combined cholesterol were obtained. 

There is wide variation in the published analyses of cho¬ 
lesterol in brain. The average is about 2 per cent, which 
would be equivalent to an extra intake of 100 mg. of cholesterol 
per chick per day in the fifth series where 5 gm. of brain were 
fed along with diet 108. There was an unmistakable increase 
in all liver cholesterol fractions in most of the chicks on this 
diet, but with a few exceptions the deposits of combined cho¬ 
lesterol were relatively small. The increase was as marked 
in the free as in the combined cholesterol, in contrast to the 
finding with rats where the increases in free cholesterol after 
cholesterol feeding were relatively small (table 8 of the pre¬ 
ceding paper). The largest deposits were found in the three 
chicks (1466, 1473 and 1460, pooled for analysis) which had 
been on the diet only 24 days as compared with 42 days or 
more in the case of the remaining chicks. The livers of these 
chicks were loaded with anisotropic bodies. In this connection 
it is interesting that Schonheimer and Yuasa (’29) found that 
the blood cholesterol reached a maximum after about 40 days 
of cholesterol feeding and then fell off rapidly in rabbits. 
Unfortunately, no liver analyses were done. 
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SUMMARY 

Total, free and combined cholesterol have been determined 
in the livers of chicks which had been fed diets of varying 
cholesterol content. 

The results show that chickens behave like mammals in 
absorbing cholesterol and depositing it in the liver, but they 
differ from rats in depositing proportionately more free cho¬ 
lesterol. 

Occasional chicks showed exceptionally high cholesterol 
values on diets which were low in cholesterol, indicating a 
marked individual variation in ability to assimilate this 
sterol. 
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Oysters are one of Ihe few animal foods in whicli the 
entire animal is eaten. It has been repeatedly demonstrated 
(McCollum, ’31) that the visceral parts of animals usually 
contain larger vitamin reserves than the muscle meat. Since 
no part of an oyster, except the shell, is discarded in prepar¬ 
ing it for food, the active tissue as well as the storage tissue 
is consumed. The food of the oyster consists of marine plank¬ 
ton of which diatoms are an important part (Savage, ’25). 
To these minute forms has been attributed the original 
synthesis of the fat-soluble vitamins which certain fish, notably 
the cod and the halibut, are able to concentrate in their livers 
(Coward and Drummond, ’21). 

The American oyster, Ostrea virginica, inhabits the tidal 
waters of bays and estuaries of the United States from Massa¬ 
chusetts to the Gulf of Mexico. With very few exceptions, 
all the marketable oysters from the Atlantic coast waters 
are of the same species, but, pursuant to varying local customs 
within the industry, oysters north of the Chesapeake are main¬ 
tained on the beds for from 3 to 5 years before marketing, 
whereas further south the stock is harvested at from 1 to 2 

* This investigation was conducted in part under a grant from Dr. H. D. Pease, 
director of the Research Committee of the Oyster Growers and Dealers Association 
of North America. 
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years of age. The English species, 0. edulis, and the Ameri¬ 
can Pacific coast oyster, 0. lurida, are quite similar. The 
only other oyster of commercial significance on this continent 
is the Japanese oyster, 0. gigas, of the west coast. 

Each species, and, indeed, oysters of the same species from 
various sections, has its individual market where its particu¬ 
lar qualities of size, shape and flavor are in demand. 

Jones, Murphy and Nelson (’28) made a survey of the vita¬ 
min content of shellfish in 1928 and their work indicated that 
the southern oysters with which they worked contained good 
stores of vitamins A, B and D. Random (’23) demonstrated 
vitamin C in oysters from French tidal waters in 1923. 

Methods of vitamin assay have been further standardized 
since Jones, Murphy and Nelson made their studies, and, in 
addition, vitamin B has been separated into more than one 
component. It was, therefore, thought of interest to review 
the problem of the vitamin content of oysters, using 0. vir- 
ginica from northern waters for the study. Since a large 
percentage of this food is cooked before it is eaten, the effect 
of this treatment on the lieat-sensitive vitamins was included 
in the present investigation. 

METHODS 

Oysters. 2 A haul of oysters large enough for all the present 
studies was taken from Great South Bay, Long Island, 
New York, in October of 1932, immediately shucked, washed 
in sea water, and ‘quick-frozen’ in half-pound packages by 
the ‘Birdseye process’ at a temperature of —33°C. The 
frozen oysters were kept at a temperature of —10°C. until 
used. When biological material is frozen at a temperature as 
low as — 33 °C., it passes through the critical range so rapidly 
that ice crystals do not form and hence damage to cell struc¬ 
tures is almost completely avoided. 

For the vitamin assays, graded doses of raw and cooked 
oysters were fed to rats. A mass of raw, frozen oysters was 

»We are indebted to Mr. W. IT. Raye, president of the Bluepoints Company, 
for this supply of oysters. 
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ground up in a mortar, weighed out, and fed immediately. 
Cooked oysters were prepared as follows: Six whole oysters 
were removed from the package, placed in a beaker with no 
additional water, and kept on a steam bath for 30 minutes at 
which time the edges of the oysters’ mantles curled. They 
were then removed, immediately ground in a mortar, weighed 
and fed. All moisture which exuded from the oysters during 
cooking was thoroughly mixed with the meats during grind¬ 
ing. The rats consumed the oysters very readily. 

Chemical analyses were made of the frozen oysters. 

TABLE 1 


Chemical composition of raw oysters 



Per cent 

Moisture 

77.35 

Total solids 

22.65 

Total nitrogen 

1.59 

Protein (N X 6.25) 

9.95 

Fat 

1.45 

Ash 

1.69 

Salt (NaCl) 

0.69 

Glycogen 

6.14 

Calcium as CaO 

0.10 

Magnesium as MgO 

0.09 

Sulfur (S) 

0.09 

Phosphorus as P.,0 B 

0.30 

Lead 

Absent 

Mercury 

Absent 

Arsenic 

1 part per million 

Copper 

67 parts per million 

Iron 

33 parts per million 

Aluminum 

134 parts per million 


The moisture content of the oysters after cooking was 75.00 
per cent. 


Rat assays of vitamin A, B and D 

The rats were of Wistar Institute strain. Since growth is 
used quantitatively as a criterion of the vitamin content for 
vitamins A and B, the treatment of the rat colony and of 
the young rats previous to the experiment is important and 
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is therefore given. The breeding colony was kept on the 
following diet: 


Colony diet 


Per cent 

Whole ground wheat 

35 

Whole ground corn 

32 

Whole milk powder 

21 

Alfalfa leaf meal 

0 

4J 

Old process linseed oil meal 

7 

Liver, vacuum dried 

0.5 

Yeast 

2.0 

CaCO* 

0.5 

NaCl 

0.5 


When litters were 10 days old, the mother was transferred to 


Vitamin restricted diet 


Whole ground wheat 

Per rent 

33 

Whole ground corn 

34 

Skimmed milk 

21 

Old process linseed oil meal 

7 

Yeast 

4 

CaCO a 

0.5 

NaCl 

0.5 


The young rats were weaned at 21 days of age, at which 
time the mother was put back on the Colony diet and the young 
were continued on the vitamin restricted diet until they were 
28 days of age. Only young rats weighing between 40 and 50 
gm. were used for the experiment. 

When ready for the experiment, the young rats were trans¬ 
ferred to the vitamin-deficient ration. Rats to be used for 
the vitamin A and B experiments were allowed to remain 
on the deficient ration until growth began to decline. At 
that time, they were divided into groups of eight to ten rats, 
comparable with respect to sex and litter, and fed graded 
doses of raw and cooked oysters. One group was always 
kept as a negative control, and one group was given a known 
amount of standard source of the vitamin in question. 
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Our vitamin-deficient diets were as follows: 

Vitamin A deficient diet Vitamin B(B t ) deficient diet 

Per cent Per cent 

Casein (vitamin A and B free) 18 Casein (vitamin A and B free) 18 

Starch 60 Starch 53 

Yeast 8 Autoclaved yeast 15 

Salt mixture (Osborne and Mendel) 4 Salt mixture (Osborne and Mendel) 4 

Lard 8 Lard 8 

Yiosterol (1: 1000) 2 Cod liver oil 2 

The vitamin A method used is that approved by the U.S.P. 
X Revision Committee, and the vitamin B method that 

of Chase and Sherman (’31). The vitamin D method used is 
that of the U.S.P. X Revision Committee in which the new 

Averaqe Gain in Weight or Rato on Vitamin A 
Free Diet Supplemented with Graded Doses of 
Caw ahd Cooked Oysters 



oi z 3 4 5 


• Wot Weight 


Weeks 

LEQEND 

Rew Ouster-77.352 HjO - 

Cooked Ouster TSJI^O- 

N«3iffve Control - 

Positive Control . 


Figure 1 
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international irradiated ergosterol is used as standard. Vita¬ 
min D potency is expressed in vitamin D units U.S.P. (1934 
revision) in which 1 unit is the antirachitic potency of 1 mg. 
of the standard solution. One of these units is approximately 
equivalent to 0.37 Steenbock units. 

Average Gain in Weight or Cats on Vitamin B, 

Free Diet Supplemented with Qraded Doses 
of Daw and Cooked Oysters 



0 12 3 4 5 

Weeks 


• Wet Weight 


Figure 2 


RESULTS 

Figure 1 shows the data concerning vitamin A. The smallest 
dose of raw oyster given (0.65 gm.) permitted an average gain 
of 26.2 gm. in the 4-week period, a little more than twice the 
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standard gain allowed for 1 unit of the vitamin. On this 
basis 1 gm. of oyster contained approximately 3 units of 
vitamin A. At all levels of feeding the cooked oyster was 
slightly lower in vitamin A content than the raw; 1 gm. of 
cooked oyster contained approximately 2.3 units of vitamin A. 

Values for vitamin B(Bj) are given in figure 2. The lowest 
level of feeding in this experiment permitted an average gain 
of 16 gm. in the 4-week period, only very slightly more growth 


Ifftct of J?4w *nd CooAtd Oyrttr on Growth of Pair 
A//owe<f to Dere/op fio/ynevr/'t/f 



A/um6er of tyf 

Figure 3 


than that allowed for 1 Shercnan unit of the vitamin. It can 
be said that 1 gm. of oyster contains approximately 2.0 units 
of vitamin B(Bi). The cooking had practically no effect upon 
the vitamin B(Bi) content. 

Two rats were permitted to develop severe beri-beri. Dur¬ 
ing the height of the disease, when the animals were suffer¬ 
ing from severe neuro-muscular disturbances, they were given 
5 gm. of raw oyster and 5 gm. of cooked oyster, respectively. 
The results are given on figure 3 and show that both supple- 
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ments caused an immediate gain in weight which was accom¬ 
panied in each case by a rapid disappearance of the symptoms 
and a return to normal. 


TABLE 2 


Line tests on radU of rats fed raw oyster 


SUPPLEMENT 

DOSE 

BAT NO. 

LINE TEST 

AVERAGE LINE TEST 


In gm. 




Raw oyster 

5 

1056 

0 



5 

1063 

0 

0 


5 

1070 

0 



5 

1057 

0 



5 

1064 

0 


Raw oyster 

10 

1112 

1+ 



10 

1094 

1+ 

1 


10 

1135 

1+ 



10 

1120 

1+ 



10 

1055 

1+ 


Raw oyster 

15 

1115 

2+ 



15 

1095 

2+ 

2.5 


15 

1100 

3+ 



15 

1123 

3+ 



15 

1097 

3 + 


Raw oyster 

20 

1114 

4+ 



20 

1096 

3 + 

3.8 


20 

1116 

4+ 



20 

1113 

4+ 



20 

1099 

4+ 



In cc. 




Olive oil 

1 

1321 

0 



1 

1136 

0 

0 


1 

3139 

0 



1 

1091 

0 



3 

1098 

0 


Standard 

0.02 

1080 

4+ 


irradiated 

0.02 

1051 

4+ 

4.0 

ergosterol 

0.02 

1072 

4+ 


3: 10 

0.02 

1058 

4+ 



0.02 

1073 

4+ 



Table 2 shows the data on the line tests for vitamin D. It 
was necessary to feed doses of 20 gm. in order to obtain 
healing equal to that of the one unit of irradiated ergosterol. 
This is a large amount of supplement to feed a rat and 
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hence the accuracy of the test was not great. However, the 
test showed that these oysters contained approximately 1 
vitamin D unit (U.S.P.) per 20 gm. of oyster or 0.05 unit 


per gram. 

TABLE 3 


Units of vitamins A and D in whole oyster and in oyster oil 


"UNITS PER ORAM OF 
TOTAL OYSTER 

UNITS PER ORAM OF 

OYSTER OIL 

Vitamin A 

3.0 

208.0 

Vitamin D 

0.05 

3.4 


DISCUSSION 

Whole oyster was found to contain approximately 3 U.S.P. 
units of vitamin A per gram and 0.05 U.S.P. unit of vitamin D. 
If all the fat-soluble vitamins are assumed to bo in the fat of 
the mollusk, oyster oil is a rich source of vitamin A, though a 
poor source of vitamin D. The oysters used in these experi¬ 
ments contained 1.45 per cent fat, or 1 unit of vitamin A per 
0.0048 gm. of fat, or 208 units of vitamin A per gram of 
oyster oil, and 1 unit of vitamin D per 0.29 gm. of fat, or 
3.4 units of vitamin D per gram of oyster oil. The oyster 
seems able to concentrate vitamin A to nearly the same degree 
as the cod, but it is unable to store comparable quantities of 
vitamin D. Possibly the shell, the exo-skeletal structure of the 
mollusk, is laid down through quite a different mechanism 
from that of the vertebrate fishes, and it is conceivable that 
vitamin I) plays either no role, or at least a different one 
from that which it plays in animals with an internal skeletal 
system. 

The oysters used for these experiments were removed from 
the water in October, which is not a time when the oyster is 
actively depositing shell. Since a marked seasonal variation 
exists in the calcium metabolism of the oyster, it is possible 
that there might likewise be an annual cycle in vitamin D 
content. Likewise, the relatively large amount of vitamin A 
may have some relation to the approaching period of hiberna¬ 
tion. 
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In stating units of vitamin D per gram of food substance, 
considerable caution must be exercised. The rat responds to 
the antirachitic action of oysters as compared with standard 
irradiated ergosterol in such a way that it takes 20 gm. of 
oysters to equal 0.02 cc. of 1:10 dilution of standard irradi¬ 
ated ergosterol. We are not, however, justified in concluding 
that a child would require the same relative number of oyster 
units of vitamin D as a rat. Children and rats apparently 
respond very differently to vitamin D from varying sources 
(Hess and Lewis, ’33), and, therefore, we can draw no con¬ 
clusion concerning the antirachitic potency of oysters for 
children. 

The oysters suffered very little loss in vitamin potency 
during cooking. This was partly due, no doubt, to the fact 
that the oysters were cooked whole and ground for feeding 
after cooking. The vitamins are probably present largely 
in the visceral parts of the oyster and are therefore protected 
from the surface oxidation which takes place during exposure 
to cooking temperatures. 

It is difficult to make exact comparison of these studies with 
those of Jones, Murphy and Nelson (’28) on the same subject, 
because the technic of vitamin assays has been further stand¬ 
ardized since their studies were made. They stated that 2 
gm. of raw oyster (0.32 gm. on a dry basis) furnished suffi¬ 
cient vitamin A to cure rats of xerophthalmia. These rats 
gained approximately 35 gm. This is about three times the 
gain allowed for 1 unit of vitamin A, which signified that 
the oysters used by the Washington workers contained ap¬ 
proximately 1 unit of vitamin A per 1.5 gm. wet weight of 
oyster. This is approximately half the potency of the oyster 
used in the present studies. The difference may be due to 
age of the oyster, the type of food, and the season at which 
it was removed from the water. (The material used by Jones, 
Murphy and Nelson was Chesapeake Bay oysters obtained 
during the winter from the Washington market.) 

The oysters used by Jones, Murphy and Nelson contained 
almost twice as much vitamin D as those described in these 
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studies. This difference may have been due to the same factors 
as those which caused the differences in vitamin A potency. 

SUMMARY 

The vitamin A content of oysters taken from the beds in 
October was found to be approximately 3 U.S.P. units per 
gram. Assuming that all of the vitamin A is in the fat of 
the oyster, oyster oil contained 208 units per gram. There 
was a slight destruction of vitamin A during cooking. 

The vitamin D content of oysters harvested in the fall was 
found to be approximately 0.05 U.S.P. unit per gram. Assum¬ 
ing that all of this vitamin is also in the fat of the oyster, the 
oyster oil contained 3.4 units per gram. The discrepancy be¬ 
tween rat units of vitamin D and antirachitic potency for 
children is emphasized. 

The vitamin B(B,) content of oysters was found to be 
approximately 1.5 Sherman units per gram. There was no 
appreciable destruction during cooking. 

Oysters were found to be an excellent food source of vitamin 
B(Bj), a relatively good one of vitamin A, and a very modest 
source of vitamin D. 

Whether the vitamin content of oysters varies at different 
times in the year remains to be determined. 
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The present communication is intended to serve as a supple¬ 
ment to the first paper in this series (Bassett, Elden and 
McCann, ’31). It deals specifically with the application of 
a method for approximate quantitative determination of the 
amount of mineral elements ingested by human subjects dur¬ 
ing the course of protracted balance experiments. A brief 
review of the usual methods employed in the estimation of 
mineral intake is included, since it is pertinent to the present 
discussion. 

1. Estimation of mineral content of food by use of tables 

of averages 

The amount of each of the elements in the diet may be 
calculated from the raw weights of the different foods in¬ 
gested by use of average values for such elements as found 
in the literature. Tables showing these average values have 
been compiled by Sherman (’2(1), Rose (’31) and others. The 
method serves a useful purpose when it is unnecessary or 
impossible to obtain a more precise estimate of the mineral 
content of the food ingested. 

1 Aided by a grant from the Fluid Research Fund contributed by the Rockefeller 
Foundation. 
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2. Estimation of mineral content by analysis of food 

a. Actual analyses of the various food stuffs to be used 
in the diet may be made by the investigator and the values 
thus obtained employed in calculating the intake. Such a 
method is capable of giving excellent results when the total 
number of items on the menu is relatively small and when 
sufficient quantities of the raw foods may be purchased in 
advance to insure an adequate supply for the duration of the 
experiment. It is obviously important that the food be of 
as uniform a composition as possible and that the source of 
the individual items be constant. The wide variations in the 
mineral content of grain grown under different conditions 
of soil and climate (Greaves and Hirst, ’29) serve to empha¬ 
size this point. In general, the method would seem more 
suitable for metabolism experiments on animals or small 
children where a monotonous diet may be comparatively well 
tolerated. 

b. One or more sample diets duplicating in all respects the 
diet or diets to be ingested by the subject of the experiment 
in a metabolic period are prepared, the several items mixed, 
dried and pulverized. Samples from the composite mixture 
are then weighed out, ashed and analyzed. The total of each 
of the mineral constituents of a day’s food are computed 
from these analyses. Complete duplicate analyses of the food 
ingested in each subsequent metabolic period are not under¬ 
taken, but the formulae of the diets to be used are made, 
in so far as possible, both qualitatively and quantitatively 
identical with those which have been analyzed. It, therefore, 
appears logical to employ the values which were derived from 
the original analyses in making calculations of mineral intake 
in metabolic periods which follow. This method has been 
used by Salter, Fulton and Angier (’31) in the calculation 
of the acid-base content of diets and has also been employed 
in some of our metabolic work (Bassett, Elden and McCann, 
’31). It has become increasingly apparent, however, that even 
when the original menu is accurately duplicated in preparing 
successively the same mixtures of foods for analysis, the 



MINERAL EXCHANGES OF MAN. IV 


177 


analyses may reveal considerable period by period variability 
in the mineral content of the diet. 

c. The third method in general nse is laborious, but seems 
to insure greater accuracy. An aliquot portion of each item 
of food is weighed or measured at the time the diet is pre¬ 
pared and the aliquots are saved for analysis. The samples 
saved may conveniently be pooled for a day or for several 
days when the periods are longer. The intake is computed 
from analysis of the pooled samples which are subjected to 
the same analytical methods as are used in obtaining the 
mineral content of the excreta. Technical details of a modi¬ 
fication of this procedure are described in subsequent para¬ 
graphs. 

EXPERIMENTAL 

Composition of diets and length of periods 

Two diets were chosen for their high and low calcium 
content, respectively. Tables 1 and 2 give the daily menus 
of these diets and the total quantity of each item of food 
given during a 6-day period. Collection periods were fixed 
at 6 days, since a period of this length has been used most 
frequently in our metabolism experiments. The high calcium 
diet (table 1) was sampled for eleven periods (66 days) and 
the low calcium diet (table 2) for ten periods (60 days). 

Method of sampling 

A sufficient quantity of raw food materials was assembled 
to meet the menu requirement for the day, plus an amount 
which permitted sampling. As each item was weighed or 
measured for the patient, an aliquot part equal to one-quarter 
the amount of the serving was saved for analysis. These 
aliquots were chosen so that they represented as nearly as 
possible the actual food received by the patient. Samples 
were transferred from the receptacle in which the measure¬ 
ment was made to a large cylindrical Pyrex glass collection 
jar. Solid foods were minced prior to transfer. The jar 
was kept covered and in a refrigerator when not in use. When 
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meat was served it was ground, mixed, and portions weighed 
from the ground mixture. The aliquot saved for analysis 
was cooked in a manner identical to that of the patient’s 

TABLE 1 


High calcium diets. Raw food constituents (edible portions) 



j RAW MEASURE—GRAM OR CUBIC CENTIMETER 


FOOD 



Day of period 



TOTALS 

FOR 

1st 

2nd 

3rd 

4 th 

5th 

6th 

6 DAYS 


Milk 

580 

750 

620 

780 

720 

520 

3970 

Cheese 

30 


30 



30 

90 

Egg 

220 

210 

130 

190 

190 

200 

1140 

Bread 

40 

40 

40 

40 

40 

30 

230 

Flour 

5 


5 




10 

Butter (salted) 

15 

20 

20 

25 

20 

15 

115 

4-X cream 

30 

35 

30 

35 

60 

65 

255 

D-Zerta powder 


3.5 

3.5 


3.5 


10.5 

Carrots 

60 






60 

Tomatoes 


100 

100 


100 

100 

400 

Onions 

80 

80 


80 



240 

Peas 



60 



60 

120 

Squash 



100 

■ 



100 

Spinach 




80 

80 


160 

Orange juice 

400 

500 

350 

500 

400 

300 

2450 

Apple 

100 


100 



100 

300 

Banana 


40 

40 

40 

140 


200 

Prune 






20 

20 

Sugar 

15 

5 

5 

30 

15 

15 

65 

KSTI MATED DAILY 








TOTALS OF 








Protein 

64.9 

62.6 

61.2 

59.6 

61.2 

631) 

372.5~ 

Carbohydrate 

140.6 

139.2 

145.6 

144.4 

154.3 

129.1 

853.2 

Fat 

83.6 

84.6 

80.9 

87.8 

91.9 

93.1 

521.9 

Calorics 

1626 

1614 

1602 

1655 

1737 j 

1652 

9886 


Maximum number of items per diem, 14. 
Minimum number of items per diem, 10. 
Total number of items used, 39. 


serving (Bassett, Elden and McCann, ’31), then added to the 
pool. When a custard or other dish requiring the addition 
of several items was served, the raw food stuffs were 
assembled and the weight or volume of each item increased 
by an amount equal to one-quarter of the weight or volume 
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which the patient was to receive. After the necessary cook¬ 
ing, the total weight of the finished product was obtained 
in grams and this value divided by five. Since one-fifth of 
the total weight was equivalent to one-fourth of the amount 
actually given the patient, that amount was weighed as an 
aliquot and added to the pool. Obviously, only such items 

TABLE 2 

Low calcium diets . Bate food constituents (edible portion) 


RAW MEASURE-ORAM OR CURIO CENTIMETER 


FOOD 

J Day of period 

TOTALS FOR 


1st and 4th 

2nd and 5th 

3rd and 6th 

6 DAYS 

Tenderloin 

220 


220 

880 

Round steak (as Hamburg) 


75 


150 

Pork chops 


120 


240 

Bread 

40 

20 

20 

100 

Rice 

120 

10 


60 

Oatmeal 


15 


30 

Farina 



15 

30 

Potato 

100 

100 

200 

800 

Cucumber 

50 


50 

200 

Tomato 

100 

140 

160 

800 

Lettuce 

40 

40 

40 

240 

Celery 


20 

20 

80 

Onion 


20 

■ 

40 

Banana 

100 

100 

50 

j 500 

Pineapple 

100 

100 

150 

700 

Apple 

100 

100 


400 

Grape juice 

100 

200 

100 

800 

Butter (salt free) 

20 

25 

20 

130 

Mayonnaise 

25 

50 

25 

200 

40 per cent cream 

80 

40 

130 

460 

Walnuts 



15 

30 

Sugar 

25 

35 

20 

120 

Honey (strained) 

50 

30 


160 

ESTIMATED DAILY TOTALS OF 





Protein 

49.1 

50.0 

52.8 

303.8 

Carbohydrate 

200.9 

192.5 

144.3 

1075.4 

Fat 

130.5 

131.2 

351.8 

827 

Calories 

2243 

2215 

2221 

13,358 


Maximum number of items per diem, 39, 
Minimum number of items per diem, 16. 
Total number of items used, 23. 
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may be compounded in this way as will give a homogeneous 
mixture when cooked. An illustration may serve to clarify 
the apparent complexity of the procedure. Let it be assumed 
that the items used in the preparation of ice cream were: 

For patient For analysis Total 

Milk 100.0 cc. 25.0 cc. 125.0 cc. 

Egg 37.5 gm. 9.4 gm. 46.9 gm. 

Sugar 6.2 gm. 1.5 gm. 7.7 gm. 

Cream—40 per cent 25,0 cc. 6.2 cc. 31.2 cc. 

The total for each item as given in the third column of the 
tabulation was the amount actually used in preparation of 
the ice cream. After cooking and freezing, the total weight 
of the assembled items, exclusive of the small amounts which 
had necessarily adhered to cooking utensils, was found to be 
198 gm. From this net weight 39.6 gm. were saved for 
analysis and the remaining 158.4 gm. were served to the 
patient. 

When the final meal of the period had been sampled, the 
contents of the collection jar were thoroughly mixed by stir¬ 
ring with a glass rod and the jar placed in an electric drying 
oven. The temperature of the oven was regulated so that 
it remained between 90 and 95° C. and a current of air was 
slowly drawn through it during the process of drying, thus 
preventing the condensation of any considerable amount of 
moisture upon its inner wall. As drying progressed, the diet 
sample was stirred from time to time to ensure as homo¬ 
geneous a composition as possible. No attempt was made 
to dry to a constant weight, but after 3 or 4 days when the 
food seemed to be thoroughly dry, the sample was removed 
from the oven, pulverized in a porcelain mortar and returned 
to the original container. The gross weight of sample and 
container to 0.1 gm. was obtained and the powdered diet 
immediately transferred to a rubber stoppered glass bottle 
of suitable size where it was protected from the changing 
moisture content of the air of the room. The actual weight 
of the sample was obtained by difference after weighing the 
carefully washed and dried container. 
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Analytical methods 

Large samples (60 to 70 gm.) were accurately weighed from 
the dry, pulverized diet and ashed in an electric muffle. 2 A 
solution of the ash in dilute hydrochloric acid was used for 
the determination of sodium, potassium, calcium, magnesium 
and phosphorus. Duplicate ashings were made only when 
the analysis of the original ashing gave an exceptionally high 
or low result. In such instances the questionable values were 
verified by repeating the analytical procedure using a dupli¬ 
cate ashing. The method of analysis, with the exception of 
the methods used in determination of potassium and chlorine 
and certain modifications of the iron method, has been 
described elsewhere (Bassett, Elden and McCann, ’31). In 
the case of potassium, a gravimetric procedure (Van Alstinc 
and Bassett, ’34) was substituted in place of Shohl and 
Bennett’s (’28) micro-volumetric method. Chlorine was 
determined by the method of Birner (’28). 

Iron. Special care was taken to avoid contamination of 
the sample with iron. Approximately 100 gm. of the dried 
material were accurately weighed and ashed in an electric 
muffle at a temperature not exceeding 600° C. The ash was 
dissolved in a solution of pure hydrochloric acid diluted one- 
half with distilled water. After digestion for several hours 
on the steam bath to insure complete solution of the iron, 
the carbon residue was removed by filtration, washed and 
reashed. An extract of the ash thus obtained was made with 
hydrochloric acid and added to the original solution, which 
was finally concentrated and made to a volume of 100 ml. 
Twently ml. aliquots, containing 0.5 to 0.9 mg. of Fe, were 
pipetted into 100 ml. Florence flasks and further concentrated 
to a volume of 8 to 10 cc. When the contents of the flasks 
had cooled, two or three glass beads and 10 cc. of concentrated 
sulphuric acid were added to each. (The sulphuric acid was 
added while the neck of the flask was grasped by a small 
pair of crucible tongs and held in an inclined position. If 
this precaution is not taken, the reaction between the added 
acid and the contents of the flask may be so violent as to 
cause loss of material.) Each flask was then heated to boil¬ 
ing over a free flame while held in the inclined position and 

* The temperature of the electric muffle used in the preparation of ash attained 
a maximum of 600° C. This is a somewhat higher temperature than is usually 
recommended when sodium or potassium is to be determined in ash (Peters and 
Van Slyke, ’$2). 
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agitated sufficiently to prevent bumping. With the beginning 
evolution of fumes of sulphuric acid the heat was increased 
and the process continued until all but 2 or 3 ml. of sulphuric 
acid had been expelled. 3 Finally 30 ml. portions of 20 per 
cent sulphuric acid were added to the contents of each flask, 
the mouths covered with a watch crystal and the flasks 
placed on the steam bath for 6 hours. 

Boiling with concentrated sulphuric acid was found to in¬ 
sure complete oxidation of the iron without addition of any 
oxidizing ageht likely to interfere with the subsequent titra¬ 
tion. In the final stages of concentration of the solution some 
ferric sulphate and calcium sulphate precipitated. The ferric 
sulphate was soluble with some difficulty in 20 per cent 
sulphuric acid, hence the long period of digestion on the steam 
bath. Reference to the actual method of titration has been 
given in the first paper (Bassett, Elden and McCann, ’31). 

Analysis of data 

Dunn (’29) has shown that statistical methods may be 
applied effectively to even as small a series of observations 
as were obtained in those period by period analyses of the 
food, provided that the limitations of such an application be 
kept in mind. Table 3 presents in a condensed form the 
result of such statistical analysis as the data appear to war¬ 
rant. The mean, its standard deviation, and coefficient of 
variation have been computed for each element determined 
in the two series of diets. Calcium and iron are the mineral 
constituents showing the greatest variation in each series. 
The least variable element is potassium, as found in the low 
calcium diet. In table 4 the means determined by analysis 
are compared with those calculated from Sherman’s tables. 
In the case of the high calcium diet, one notes that the values 
of nitrogen, sodium, potassium and magnesium, as determined 
by analysis, are in fair agreement with their calculated values, 
while the amounts of calcium, phosphorus, chlorine and iron 
determined differ considerably from the amounts calculated. 
The means of the series of analyses made of the low calcium 
diet agree fairly well with the calculated values in the case 

* The digestion with sulphuric acid must be performed in a well-ventilated hood. 
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TABLE 3 


Mean values of mineral constituents of high and low calcium diets calculated from 
period by period analysis of the food 


ELEMENT 

HIGH CALCIUM DIET 1 

LOW CALCIUM DIET* 

| Mean 

! 

Stand¬ 

ard 

1 devia- 
1 tion 

i 

Coefficient 

of 

variation 

Mean 

Stand¬ 

ard 

devia¬ 

tion 

I 

Coefficient 

of 

I variation 


1 Grams in 6 days 

Grams 

Per cent 

Grams in 6 days 

Grams 

Per cent 

Nitrogen 

62.16 

±0.394 

1.85 

2.9 

55.97 

±0.296 

1.32 

2.3 

Sodium 

6.89 

30.047 

0.22 

3.2 

3.37 

±0.018 

0.08 

2.3 

Potassium 

17.74 

±0.13 

0.6 L 

3.4 

15.52 

±0.029 

0.13 

0.8 

Calcium 

7.01 

±0.11 

0.53 

7.5 ! 

0.91 

±0.018 

0.08 

8.8 

Magnesium 

1.363 

±0.007 

0.036 

2.6 

1.178 

±0.007 

0.033 

2.8 

Chlorine 

11.10 

±0.08 

0.40 

3.7 

6.07 

±0.083 

0.37 

6.1 

Phosphorus 

8.61 

±0,09 

0.44 

5.1 

4.28 

±0.029 

0.13 

3.0 

Iron 

| 0.0514 ±0.0008 

0.0039 

7.6 

1 0.0577±0.0011 

0.0049 

8.6 


1 Each mean is calculated from the results of analysis of food in eleven consecu¬ 
tive metabolic periods. 

3 As above, except that in this instance there were only ten consecutive metabolic 
periods. 


TABLE 4 


Mean values of mineral constituents computed from analysis of food are compared 
with mean values computed by use of Sherman's tables 



HIGH CALCIUM DIET 

i , _ 

LOW CALCIUM DIET 

ELEMENT 

| 

Mean found 
by 

analysis 

Mean calcu¬ 
lated from 
Sherman 

Difference 
between 
mean found 
and 

calculated 

Mean found 
by 

analysis 

Mean calcu¬ 
lated from 
Sherman 

Difference 
between 
mean found 
and 

calculated 


Grams in 

6 days 

Grams in 

6 days 

Per cent 

Grams in 

6 days 

Grams in 

6 days 

Per cent 

Nitrogen 

62.16 

59.68 

+ 2.4 

55.96 ! 

48.64 | 

mmt 

Sodium 

6.89 

6.80 

+ 1.3 

3.37 j 

3.55 | 

■ 

Potassium 

17.74 

17.65 

+ 0.5 

15.52 

18.00 

—13.8 

Calcium 

7.01 

7.76 

— 9.7 

mam 

1.35 

—32.6 

Magnesium 

1.363 

1.313 

+ 3.8 

in 



Chlorine 

11.10 

9.99 

+ 13.2 

mm 

5.83 

+ 4.1 

Phosphorus 

8.61 

7.81 

+10.2 

4.28 

4.55 

— 5.9 

Iron 

0.0514 

0.0676 

—24.0 



—11.6 
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of sodium, magnesium, phosphorus and chlorine. All others 
show a difference between found and calculated means which 
is greater than 10 per cent. 4 

An appro xima tion of the excess of acid or base in the ash 
of the two diets (derived from the mean values of acidic 


TABLE 5 

Add-base components of high calcium and phosphorus diet, milliliters of O.lN 
avid and base per 6-day period 


BASK 

MEAN VALUE 
IN GRAMS 

MEAN VALUE 
ML. O.lN 
SOLUTION 

ACID 

MEAN VALUE 
IN GRAMS 

MEAN VALUE 
ML. O.lN 
SOLUTION 

EXCESS BASE 
ML. O.lN 
SOLUTION 

Na 

mmm 


■■ 

11.10 



K 

— 


mm 

4.81 

1 


Ca 

7.01 


El 

8.61 

4999 


Mg 

1.363 


■H 




Totals 


12,157 



11,129 

1028 


1 Mean value for sulphur calculated from Sherman. 

a Base equivalent of phosphorus calculated to pH7.4 (ml. 0.1M H,P0 4 X 1.8). 


TABLE 6 

Acid-base components of low calcium diet milliliters of O.lN acid and base per 

6-day period 


BASE 

MEAN VALUE 
IN GRAMS 

> MEAN VALUE 
ML. O.lN 
SOLUTION 

ACID 

MEAN VALUE 
IN GRAMS 

MEAN VALUE 
ML. O.lN 
SOLUTION 

EXCESS ACID 
ML. O.lN 
SOLUTION 

Na 

3.37 

1465 

Cl 

6.07 

1711 


K 

15.52 


s x 

5.83 

3646 


Ca 

0.91 

455 

P 2 

4.28 ; 

2484 


Mg 

1.178 

968 





Total 


6857 



7841 

984 


*Mean value for sulphur calculated from Sherman. 

•Base equivalent of phosphorus calculated to pH7.4 (ml. 0.1M H,P0 4 X 1.8). 

and basic constituents) is given in tables 5 and 6. From 
these it appears that the ash of the high calcium diet is alka¬ 
line, and of the low calcium diet acid. However, attention 
must be called to the fact that the sulphur content of the 
food was computed from tables of averages (Sherman, ’26). 

4 These results do not detract from the general usefulness of Sherman *s tables. 
Differences between means found and calculated would probably be as great 
if any other set of average tables were substituted in their place. 
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The difference in each 1 case is about 1 liter of 0.1N base or 
acid. If this difference is due to error introduced by estima¬ 
tion of the sulphur content of the food, and if it be assumed, 
for example, that the diets actually had a nearly neutral 
ash, then in the first instance (table 5) the calculated value 
assigned to sulphur is about 33 per cent too low and in the 
second instance (table 6) about 27 per cent too high. While 
the actual sulphur content of the food may vary from the 
calculated to the extent indicated (see table 4 for examples), 
such a variation is probably unlikely. It is apparent, however, 
that no definite statement regarding the acidity or alkalinity 
of the ash of these diets may be given without more accurate 
knowledge of their sulphur content. 

DISCUS8ION 

Number of items on menu 

Reference to tables 1 and 2 shows that nineteen different 
foods were used in the high calcium diet and that twenty-three 
foods were used in the low calcium diet. Granting that 
simplicity in a diet is desirable for metabolic work, these 
diets appear to include an unnecessarily large number of 
items. On the other hand, the effect of an extremely monoto¬ 
nous diet on the subject of the experiment must be considered. 
Such a diet may be comparatively well tolerated by children, 
but when given to adults frequently leads to refusal or 
smuggling of food. 

The importance of good cooking and attractive menus has 
been emphasized by Gepliart and Du Bois (’15). With the 
diet rigidly limited to four or five foods, the serving of attrac¬ 
tive well-cooked meals becomes a serious problem, if not an 
impossibility. The fact that the menus listed in table 1 were, 
in a certain instance, repeated every 6 days for approximately 
4 months and were well tolerated is an argument in favor 
of a liberal diet. 
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Evaluation of technical errors 

The following experiment was performed in order to de¬ 
termine whether the failure to obtain uniform results in 
period by period sampling of the food depended upon errors 
inherent in the methods employed or was due to actual varia¬ 
tions in the mineral content of the foods served in these 
periods. 

Unused portions of the dried samples of food from the high 
calcium diet were pooled and thoroughly mixed together. 


TABLE 7 

Consecutive analyses of a single specimen of dried food showing variations due 

to technical errors 


ELEMENT 

NUMBER or 
SAMPLES 
ASHED 

WEIGHT OF 
EACH SAM¬ 
PLE IN 
GRAMS 

i 

i 

MEAN IN GRAMS 1 j 

l 

STANDARD 

DEVIATION 

IN GRAM 

COEFFICIENT 
OF VARIATION 

Sodium 

10 

60 

7.09 ±0.021 

0.096 

1.36 

^Potassium 

10 

60 

18.42 ±0.068 

0.305 

1.65 

Calcium 

10 

60 

6.87 ±0.015 

0.066 

0.96 

Magnesium 

10 

60 

1.388±0.007 

0.033 

2.37 

Chlorine 

20 

1 

11.11 ±0,046 

0.296 

2.66 

Phosphorus 

10 

00 

8.46 +0.031 

0.136 

1.61 


1 Each mean has been computed on the basis of a 6-day period. 


When the mixture appeared to have become neither more nor 
less homogeneous than the dried food sample of a single 
period, ten consecutive portions of 60 gm. each were weighed 
out and ashed. The ten samples of ash thus prepared were 
subjected to the routine methods of analysis. In addition, 
twenty smaller samples of 1 gm. each were used for the de¬ 
termination of chlorine. The data obtained have been sum¬ 
marized in table 7.° Strictly speaking, these data can be 
compared only with the period by period analyses of the high 
calcium diet (table 3), but it is reasonable to suppose that 
consecutive analyses of a similar specimen of food prepared 
from the low calcium diet would yield comparable results. 
From the tabulation it is evident that the standard deviations 

* A statistical evaluation of the amounts of nitrogen and iron in consecutive 
samples taken from the same specimen of food has not been made. 
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are, for the most part, smaller than those found in the period 
by period analysis of the food. Comparatively large fluctua¬ 
tions in the amounts of calcium and phosphorus no longer 
occur. The results obtained in the cases of sodium and potas¬ 
sium are somewhat less convincing, although when compared 
with the previously cited data (table 3) for the high calcium 
diet it is found that the respective standard deviations have 
been decreased about 50 per cent. Magnesium, on the other 
hand, showed nearly as much variability in the series of 
analyses of the single specimen of dried food as was found 
in period by period analysis. Chlorine showed more varia¬ 
bility than any of the other elements. However, previous 
experience leads us to attribute much of the variation in this 
instance to lack of uniformity among small samples. While 
the data do not permit a differentiation between errors 
introduced by sampling and those introduced by analytical 
methods and manipulations, they show the gross technical 
errors exclusive of errors which may be introduced in the 
diet kitchen. Unfortunately, the latter are not readily 
susceptible to statistical measurement. Since we have been 
unable to detect any gross inaccuracy in the initial measure¬ 
ment of samples of food by the dietitian, the assumption has 
been made that the larger deviations of sodium, potassium, 
calcium and phosphorus from their respective means (as 
found in period by period analysis of food) actually repre¬ 
sent fortuitous variations in the concentrations of these ele¬ 
ments in the food of different periods. If this is so and one 
is to avoid errors of unknown and perhaps considerable 
magnitude, it becomes necessary to sample and analyze the 
food given in every metabolic period. When the same diet 
formula is repeated many times in consecutive metabolic 
periods, and analyzed in each by the methods described, 
mean values of chlorine, magnesium and probably of nitrogen 
may be computed, and these values used as an approximation 
of the true intake in each period. Where calcium, sodium, 
potassium and phosphorus are concerned, it seems advisable 
to compute the intake in each period from analysis of the 
sample of food collected in that period. 
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The limited data available in the case of iron do not permit 
us to submit statistical evidence from which a probable dif¬ 
ferentiation can be made between technical errors and actual 
changes in the iron content of the food. 

SUMMARY 

1. A method for determination of mineral intake in human 
metabolic experiments has been described in detail. 

2. The method has been applied to determine the amount 
of nitrogen, sodium, potassium, magnesium, calcium, phos¬ 
phorus, chlorine and iron in, a) high calcium diet, b) low 
calcium diet. 

3. The mineral content of the high calcium diet was de¬ 
termined during eleven consecutive metabolic periods of 6 
days each, and of the low calcium diet during ten consecutive 
periods of 6 days each. 

4. Statistical methods have been employed in an attempt 
to determine the magnitude of the technical errors of the 
procedure and to differentiate between such errors and actual 
variations in the mineral content of the food mixture. 

5. The implications of the statistical analysis of the data 
have been discussed in the text. 
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The high percentage of deaths among the young of rats 
receiving milk fortified with copper and iron, in comparison 
with the vigor and physical well-being of the young of rats 
receiving the same diet to which manganese was added has 
led to an inquiry concerning the cause of the infant mortality 
among the former group. Do the young die of congenital 
debility, the result of too little manganese in the diet of the 
mother during gestation, or is there a failure in lactation 
due to the lack of mammary gland development, s,s suggested 
by Orent and McCollum (’31) ? 

The hypothesis of a vitamin B deficiency as the cause of 
death of the young of milk-fed rats, postulated by Sure 
(’24, ’29) would seem to be untenable, since rats receiving 
milk to which copper, iron and manganese were added in 
adequate amounts have been raised through five generations. 1 
The vigor and weaning weights of the young would seem to 
attest to the efficiency of the diet. The explanation of the 
beneficial effect of the larger amounts of vitamin B extracts 
and concentrates used by Sure in lactation experiments with 
rations consisting of 50 per cent milk powder would seem 
to be either contamination with manganese of the materials 
tested or considerable destruction of vitamin B in the milk 
powder, since the nutritive ratio of the milk powder ration 
used by Sure is approximately the same as that of Guernsey 
1 Unpublished data. 
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millr in our experiments and therefore the B x of the two 
rations should be similar. It is interesting to note that Sure 
found a 25 per cent alcoholic extraction of wheat embryo 
much more potent as a source of vitamin B for lactation than 
a 75 per cent extraction. It is probable that the 25 per cent 
extract contained significant amounts of manganese. 

The importance of manganese in nutrition, more especially 
in relation to reproduction, has been demonstrated by Orent 
and McCollum (’31), Skinner, Van Donk and Steenbock (’32) 
and Kemmerer, Blvehjem and Hart (’31). Too little man¬ 
ganese results in testicular degeneration and sterility after 
about the 150th day. Young born of females fed manganese- 
free diets die either at birth or shortly after. Spectrographic 
analysis of the ash of the young indicates that the manganese 
is in low concentration and suggests that the young were 
not ‘well-born.’ On the other hand, the mothers of these 
manganese-low young manifest little interest in their off¬ 
spring, giving them scant opportunity to suckle. Examination 
showed little mammary gland development (Orent and Mc¬ 
Collum, ’31). The young, therefore, may have obtained 
insufficient nourishment. In order to test this point, Orent 
and McCollum transferred young of mothers fed manganese- 
free diets to stock mothers and young of stock mothers to 
the manganese-free mothers. Of the 107 young transferred 
to stock mothers, only one was raised, with a weaning weight 
much below the average. In two instances stock young given 
to mothers receiving manganese-free diets were slightly more 
successful. One mother raised two stock young of the seven 
which were substituted for her own; and the other, five out 
of seven. The weaning weights of these conformed to the 
average of stock young. The failure of the stock animals 
to raise the young of manganese-low mothers was the more 
notable, since, in general, lactating rats are exceedingly 
open-minded on the subject of adoption and will accept and 
suckle young of other animals with little question. 

Orent and McCollum’s results, tentatively interpreted as 
indicating failure in lactation of the manganese-low mothers, 
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seemed rather to point to congenital debility of the young, 
or possibly to too little vitamin B in the ration used. In 
order to test this point with milk-fed animals, the investigation 
herein reported was undertaken. 

EXPERIMENTAL PROCEDURE 

Two groups of animals, one at 11 days and a second at 
8 weeks of age, consisting of four females and two males in 
each group, were transferred from stock to the experimental 
laboratory and given a ration consisting of boiled Guernsey 
milk to which were added 0.8 mg. of copper, 5 mg. of iron 
and 2 drops of 2 per cent potassium iodine solution to every 
100 cc. of milk. For purposes of comparison other groups 
were tested: one, a fourth generation to receive the milk, 
copper and iron ration supplemented with 1.5 mg. of man¬ 
ganese per 100 cc. of milk; and others, consisting of animals 
receiving our stock ration with iron, copper and manganese 
additions. 2 When the young of these various groups were 
born, one of two procedures was followed: 1) The young 
shortly after birth were prepared for analysis of the man¬ 
ganese content. 2) The young were exchanged, manganese- 
low young to stock mothers and stock young to manganese-low 
mothers, thus giving an opportunity to determine whether it 
is possible for the mothers receiving the milk, copper and 
iron diet to suckle vigorous stock young or for the manganese- 
low young to survive if sufficient food is available. Theoreti¬ 
cally, the quality of the milk produced by the respective 
mothers should not differ in the amount of manganese con¬ 
tained therein, since, according to Kemmerer and Todd (’31, 
’32), it is not possible to increase the manganese content of 
milk by feeding. Under normal conditions, the manganese 
content of cow’s milk is low, differs with the individual, and 
cannot be increased by feeding. Nothing is known directly 
regarding the manganese content of rats’ milk. It seems 

a The stock ration consisted of a mixture of dried cooked soy beans, yellow 
corn, sodium chloride and calcium carbonate. Pasteurized Holstein milk with 
0.4 mg. of Cu, 0.75 mg. of Mn., 2 mg. of and 1.5 mg. of I per 100 cc. was 
also given ad lib. 
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probable, however, that similar factors control milk produc¬ 
tion in both species. 

In the lactation tests six of a given litter were transferred 
to the foster mother as soon after birth as possible. The 
efficiency of the mother as a milk producer was judged by 
the number of young successfully suckled, the weaning weight 
of the young, and the weight gain or loss of the mother during 
lactation. A record of the milk consumption of the mothers 
receiving the two milk diets was kept in order to determine 
if failure in lactation was caused by a possible low food in¬ 
gestion. The physiological well-being of the young at birth 
was judged by the viability and the gain in weight during the 
suckling period. 

In order to obtain further information regarding the high 
mortality of the young of the milk-fed groups, comparisons 
were made of the manganese content at various ages from 
weaning to sexual maturity of animals receiving the milk 
ration with and without the manganese additions. For these 
tests, a few days after weaning, nine young were placed on 
the milk-copper-iron ration and nine on the milk ration with 
the manganese addition. Three of each group subsequently 
were taken for analysis at intervals of approximately 2 weeks, 
the milk-manganese animals being continued 2 weeks longer 
than the milk, copper and iron group. 

In preparation for analysis, after anesthetizing all animals 
were washed with distilled water, the alimentary tracts were 
removed, the bodies were dried, subsequently ashed, and the 
manganese determined according to the method of Skinner 
and Peterson (’30). To obtain sufficient material for satis¬ 
factory tests with the newborn animals it was found necessary 
to use at least two litters; whereas with the older animals 
one animal was found sufficient. In two cases comprising 
the young of manganese-low animals, known amounts of 
manganese were added in order to obtain more satisfactory 
determinations and thus check the reliability of the results 
with other low manganese young. 
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Eight first generation females receiving the milk-copper- 
iron diet, produced in the time allowed at least 103 young; 
47 in first litters, 33 in second, and 23 in third. All of the 
third litters and some of the second were sired by stock males. 
Since in some instances the young were born during the night, 
more may have been born than were seen; indeed, there was 
evidence that such was the case. The data, however, pertain 
only to such young as were intact. Of these, 41 either were 
born dead or died within two hours, 25 were anesthetized for 
subsequent manganese analysis, and 37 were transferred to 
7 stock mothers. Sixty-nine per cent of these subsequently 
died within a few days; 12 were raised by 2 females (6 each) 
to weaning weights of 53.7 and 41.5 gm., respectively. 

The mortality record of the young of these low-manganese 
females is quite different from that of the young of the fifth 
generation females receiving the milk diet with added man¬ 
ganese, or of the stock animals. In the milk-manganese 
groups, 100 per cent of the young were reared with an aver¬ 
age weaning weight at 28 days of 69.2 gm., and in the stock 
groups 98.6 per cent were raised with an average weaning 
weight of 70.1 gm. (table 1). 

The low-manganese mothers were more successful in suck¬ 
ling the young of stock than their own offspring (table 1). 
Eleven litters of six young each of stock mothers were given 
to mothers receiving the low-manganese diet. In five in¬ 
stances, these low-manganese mothers had lost all their young 
at birth; in five, part of the litter had died and the remainder 
which were given to stock mothers to raise, subsequently died. 
Four of the groups transferred from stock replaced first 
litters of the low-manganese mothers; four, second litters; 
and three, third litters. Notwithstanding the high mortality 
of the young of the low-manganese mothers, these animals 
were able to suckle successfully 96.9 per cent of their foster 
young to weaning weights (average 58.7 gm.) which com¬ 
pared favorably with those of the milk-manganese mothers 
and not far below those of the young of the stock mothers 
reported. There was little difference in the lactation tests 
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of the animals which were placed on the low-manganese diet 
at 11 days (animals 5, 6, 8, table 1) and 60 days (animals 1, 2, 
table 1) of age, respectively. 

The manganese content of the young of stock (average 
0.002 mg.) and of mothers receiving the milk ration fortified 
with copper, iron and manganese (average 0.0026 mg.) 


TABLE 2 

Relation of the diet of the mother to the manganese content of the young at birth 
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1 Placed on diet of milk-Cu-Fe at 8 weeks of age. 
* Placed on diet of milk-Cu-Fe at 11 days of age. 


differed only slightly when estimated on the basis of the 
amount per animal (table 2). Estimations of the manganese 
content per kilogram of moist weight were somewhat higher 
for the milk-manganese group than for the stock group; 
0.513 mg. per kilogram for the former, and 0.363 mg. per 
kilogram for the latter. The manganese content of the young 
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of rats receiving the same milk ration without the manganese, 
es tima ted on moist weight, was 75 per cent lower than those 
of the milk-manganese group and 65 per cent lower than the 
stock group. Young of mothers receiving the manganese- 
deficient diet at 11 days contained only slightly less than 
those which were placed on the diet somewhat later. Second 
litters of the manganese-deficient mothers also contained 
slightly less than first litters. 

An estimation of the daily ingestion of manganese by the 
three groups during gestation shows a parallelism between 
ingestion and storage during fetal life. Animals receiving 
the milk, copper and iron ingested an average of approxi¬ 
mately 0.022 mg. of manganese per day, whereas those re¬ 
ceiving the same diet with added manganese and the stock 
diets obtained 1.202 mg. and 0.816 mg. per day, respectively. 

The causes of the loss or gain in weight during lactation 
are little understood. Sure has related loss in weight of 
mothers receiving milk diets to the low vitamin B of the milk, 
tn the milk-fed animals herein reported the weight gain or 
loss of the mothers on the various diets during lactation did 
not differ materially. Omitting the animal which lost 16 per 
cent during an alimentary tract infection manifested by 
diarrhoea, the mothers receiving the low-manganese diet lost 
slightly less than any other group studied including the stock 
animals (table 1). These data, therefore, seem to add further 
evidence that milk does not supply too little vitamin B for the 
lactating mother and the needs of six sucklings. The amount 
of milk taken by the animals during lactation on the two 
types of milk modification did not differ materially (table 3). 
Manganese, therefore, would seem to bear no relation to 
appetite, again indicating that the infant mortality of milk-fed 
rats is not due to a vitamin B deficiency. 

The manganese content of the young of the stock animals 
at birth averaged 0.002 mg. per animal, or 0.363 mg. per 
kilogram of moist weight. Shortly after weaning (33 to 36 
days) while the amount for a given animal had increased to 
0.013 mg., the amount estimated on the basis of weight 
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(average 0.153 mg. per kilogram) had decreased considerably 
(table 4). Prom weaning on, the animals receiving the milk- 
copper-iron ration continued to store small amounts of man¬ 
ganese, the amount being directly proportional to their 
increase in weight so that estimated on the basis of weight 

TABLE 8 
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the amount contained in ai given animal was approximately 
the same at 33 to 36 days and at 61 to 63 days, namely, 
0.139 mg. and 0.142 mg. per kilogram, respectively. 

With the animals which received the milk-manganese ration, 
the results were quite different. In the first 2 weeks after 
weaning, there was a rapid storage, five-fold and over when 
estimated on the basis of the individual animal, and three-fold 
estimated on the basis of moist weight. After this initial 
rapid storage, the amount remained constant at approximately 
0.080 mg. per animal, or 0.40 mg. per kilogram till the seventy- 
eighth day, the beginning of the gestation period. 


TABLE 4 

The relation of diet to the manganese content of the young at various ages 
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1 The manganese* content of the young of stock animals, analyzed in groups of 
19, 14 and 11, averaged 0.0019, 0.0023 and 0.0022 mg. per animal, respectively. 


COMMENT 

The results of the investigation point to the conclusion 
that the high mortality of the young of animals receiving 
the milk-copper-iron diet is due to congenital debility directly 
related to a deficiency of manganese in the diet of the mother 
during gestation. The young, although of normal size at 
birth, are not sufficiently robust to survive the ordeal of birth; 
the few which do survive are not strong enough to suckle. 
It would seem, therefore, that manganese is an essential con¬ 
stituent of the developing organism. If the diet of the mother 
during gestation is adequate, the young are born with a store 
of manganese which is surprisingly constant. The amount 
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per animal at birth of our stock groups (average 0.002 mg.) 
as well as those receiving the milk-manganese diets (average 
0.003 mg.) was found to be within the limits of error of that 
reported by Skinner, Peterson and Steenbock (’31) in the 
young of rats receiving their stock diet with the manganese 
addition. 

During suckling there is considerable increase in the man¬ 
ganese store, suggesting that the milk of the rat is somewhat 
higher than that of the cow, since rats receiving cow’s milk 
without manganese subsequent to weaning store little. Fol¬ 
lowing weaning, storage of manganese takes place rapidly 
if sufficient is contained in the diet. After 2 weeks on the 
milk supplemented wtih 1.5 mg. of manganese per 100 ec., 
the amount of manganese per animal (average 0.079 mg.) was 
found to be only slightless less than that found 4 weeks later 
(average 0.088 mg.). Following the initial increase, the 
amount stored, estimated on body weight, had decreased 30 
per cent in the 4 weeks of the study. This percentage decrease 
suggests that storage was confined to certain tissues rather 
than to the body as a whole, the tissues most avid for man¬ 
ganese being, according to Skinner, Peterson and Steenbock, 
bone, brain, hide, kidney and liver. 

Although failure in lactation may occur in animals raised 
on diets quite free from manganese, as suggested by Orent 
and McCollum, adequate lactation is possible on a diet which 
contains too little manganese for the development of normal 
young in utero. Cow’s milk containing 0.03 mg. per liter 
(the Guernsey milk used) supplies sufficient manganese for 
lactation, since animals receiving this low-manganese diet 
from infancy were able to suckle successfully six vigorous 
foster young. In one case three successive foster litters were 
raised by a rat receiving milk modified with only iron and 
copper. 

The addition of manganese to the milk diet was without 
influence on the milk consumed by the rats during lactation. 
This was reflected in the weaning weights of the young and 
the consistency of the weights of the mother receiving the 
milk ration during lactation. 
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SUMMARY 

In an endeavor to determine the cause of the high infant 
mortality of milk-fed rats, reproduction, lactation and the 
manganese content of the young at birth, at weaning, and 
thereafter at various periods to sexual maturity have been 
compared in animals receiving Guernsey milk plus copper 
and iron, with those receiving the same ration fortified with 
manganese, as well as with stock fed animals. The lactating 
ability of the animals receiving the simple milk ration was 
specifically tested by exchanging their young for vigorous 
stock young. In a number of instances where the young 
of the milk-manganese low animals died, they also were given 
stock young to raise. Records were kept of the amount of 
milk consumed by each animal during lactation. 

The results of the investigation point to the following con¬ 
clusions : 

1. The high percentage of deaths of the young of animals 
reared on milk diets modified with copper and iron is due 
to congenital debility, the result of too little manganese in 
the diet of the mother. Young born of these milk-fed animals 
were found to contain 65 per cent less manganese than the 
young of animals receiving a similar ration with added manga¬ 
nese. 

2. Animals reared from weaning on a milk diet with no 
added manganese are able to suckle vigorous normal young 
to average weaning weights comparable to those of stock 
young or of young receiving milk with manganese added. 

3. Storage of manganese in the young during the suckling 
period is greater than subsequently on a cow’s milk ration, 
but less than during a subsequent period on a milk ration 
with 1.5 mg. of manganese per 100 cc. of milk, suggesting 
that rat’s milk is higher in manganese than the Guernsey 
milk tested. 

4. The milk ingestion of rats during the lactation period 
is not influenced by the amount of manganese the milk con¬ 
tains. Rats receiving the simple milk ration consumed as 
much milk as those receiving the milk-manganese ration. 
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5. The Guernsey milk tested supplied enough vitamin B 
for the lactating mother and the growth needs of six young. 
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Hyperinsulinism is now a well-recognized clinical entity. 
There is, however, as yet, much to be known with regard to 
the conditions which lead to, and which may result from, this 
disturbance. It was, therefore, considered of interest to in¬ 
vestigate the respiratory metabolism, in order to determine 
whether such studies might reveal some as yet unrecognized 
metabolic defect. As will presently be shown, respiratory 
metabolism studies are also of value otherwise. They may 
be of diagnostic value since, in the interpretation of blood 
sugar time curves in suspected cases, they help to differenti¬ 
ate between apparent and real failure of absorption of glucose 
from the gastro-intestinal tract. The literature of hyper- 
insulinism has been repeatedly reviewed and, for purposes 
of brevity, reference will be made to relevant facts only. 

Though hypoglycemia was produced experimentally many 
years ago and has been known to exist in a variety of clinical 
disorders, no signs nor symptoms, nor disturbances noted ex¬ 
perimentally, were ever attributed to lowering of blood sugar 
until the discovery of insulin. Experiences with insulin shock 
in diabetes led to the recognition of a symptom complex 
identical with insulin shock, but independent of insulin injec- 

‘This work was done with the aid of a grant from Mr. Julian C. Smith, a 
governor of this hospital. 
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tions. Harris (’24) first drew attention to this condition to 
which he gave the name hyperinsulinism. 

As the fundamental disturbance is reduction of blood sugar, 
it is obvious that the term hyperinsulinism may at times be 
a misnomer, for hypoglycemia may be produced in a variety 
of ways other than by excess production of insulin. Hypo- 
function of the thyroid, adrenals and anterior pituitary bodies 
are examples. As the liver is also intimately concerned with 
the regulation of blood sugar, a variety of disorders of this 
organ may also lead to hypoglycemia. As is well known, 
hypoglycemia may be produced in the experimental animal 
by hepatectomy and administration of a variety of liver 
poisons (phosphorus, chloroform, etc.). Clinically, a variety 
of conditions cause destruction of liver tissue and thus tend 
to simulate, metabolically, experimental hepatectomy (car¬ 
cinoma, acute yellow atrophy, etc.). Wauchope (’33), in an 
excellent review, discussed the morbid anatomy of hypo¬ 
glycemia and classified symptoms according to organs af¬ 
fected. It would thus appear that, for purposes of exact 
terminology, hyperinsulinism should be confined to conditions 
in which there is definite proof of production and liberation 
of insulin in excess of the normal. The case reported by 
Wilder et al. (’27) may be cited as an example of true hyper¬ 
insulinism ; operation and autopsy showed a carcinoma of the 
pancreas which originated from the islet cells. A large yield 
of insulin was obtained from the metastases in the liver. The 
term, hyperinsulinism, might thus also be applied when 
symptoms are associated with adenomata of the islet cells 
of the pancreas. Surgical removal of such adenomata has 
resulted in cure of the symptoms. All other cases of hypo¬ 
glycemia in which no definite proof of cause can be found 
might be classified as spontaneous, or idiopathic, hypo¬ 
glycemia. Such classification is, however, neither simple nor 
practical. As has been pointed out, the case reported by 
Wilder et al. still stands alone in completeness of proof of 
hyperinsulinism and, as Harris (’34) has recently observed, 
if this criterion is necessary, few diagnoses will be made 
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before operation or autopsy. The important fact, clinically, 
is recognition of the condition. Whether the disturbance is 
due actually to excess production of insulin or abnormal ac¬ 
tivity of the normal supply because of decreased activity of 
the thyroid, pituitary, adrenal, or other anti-insulin secretion, 
is largely of academic interest. Clinically, the signs and 
symptoms are essentially the same and treatment is the same. 
Regardless of cause, diet alone suffices; in mild cases, fre¬ 
quent feedings of liberal quantities of carbohydrates usually 
suffice; in more severe disturbances, high fat diets are, at 
times, of value, as they tend to cause resistance to insulin. 
Thyroid medication is of value, and intravenous injection of 
glucose may be necessary in the more severe cases. When 
these fail, surgical treatment must be considered (removal 
of tumor, partial pancreatectomy, etc.). As yet, treatment 
with anterior pituitary gland is of no value. In rare cases, 
as with insulin injections, the condition, unless promptly re¬ 
lieved, may be fatal. For this reason, and as there are no 
means of predicting results, severe disturbances should be 
treated by prompt use of glucose intravenously. 

Classification of hypoglycemia on the basis of etiology is, 
as yet, not very satisfactory for other reasons. Too little 
is known, clinically, to attribute hyperinsulinism to the thyroid 
alone; to the adrenals alone or to other organs of internal 
secretion. There is, as yet, much to be known about the 
regulation of blood sugar. The dysinsulinism due to rhythmic 
activity of the liver with respect to storage and liberation of 
glycogen is an example of the many difficulties in the inter¬ 
pretation of data (Mollerstrom, ’33). Whether this rhythmic 
activity is controlled by some mechanism in the liver or 
whether it is due to some extra-hepatic activity, such as alter¬ 
nate stimulation and depression of the insulin-producing 
mechanism, is, as yet, not known. Classification, according 
to symptomatology, is further complicated by the finding of 
symptoms without hypoglycemia; symptoms have been re¬ 
ported when the blood sugar was normal or even above 
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normal. 3 The latter finding does not fit in with a recent state¬ 
ment by Harris (’33) that hyperinsulinism is invariably as¬ 
sociated with hypoglycemia. Our experiences agree with 
those of Harris. Among diabetics we have not as yet observed 
insulin reactions without hypoglycemia. Classification is 
further complicated by the fact that there may be hyper¬ 
insulinism without symptoms. In a case reported by Peters 
and Babinowitch (’29) there were for a time no symptoms 
whatever, though the glucose had disappeared from the blood 
entirely. 

As with insulin injections in diabetes, there are a number 
of conditions which may influence the severity of symptoms. 
Insulin, as is well known, acts best in young people, in the 
undernourished, and in the dehydrated individual. Exercise 
aggravates the symptoms of excess insulin dosage and the 
disturbance is likely to be severe whenever there is inter¬ 
ference ■with the absorption of food (gastritis, enteritis, etc.). 
Symptoms tend to be severe in all conditions which tend to¬ 
ward starvation because of depletion of glycogen (diarrhea, 
vomiting, etc.). Response to insulin is also increased by low 
fat diets and symptoms may be severe when there is sudden 
improvement of carbohydrate tolerance. Sudden improve¬ 
ment is common in recovery from infection, injury and a 
variety of other conditions which tend to cause resistance to 
injected insulin or to that normally produced in the body 
(Babinowitch and Bazin, ’24, ’28 and ’32). Recently, Harris 
(’33), in a review of the literature, again drew attention to 
another disturbance of the insulin-producing mechanism, 
namely, dysinsulinism, a condition in which hyperglycemia 
may alternate with, or be followed by, hypoglycemia. 

Aside from the importance of early diagnosis in severe 
cases, recognition of hyperinsulinism is necessary because of 
other possible sequelae. Hyperinsulinism is a nutritional dis¬ 
order. Harris, for example, suggests that prolonged over- 

* Under these conditions, the symptoms might be due to a rapidly *»n™g blood 
sugar alone or possibly to a decrease of sugar in the central nerrous system below 
the critical level without a corresponding decrease in the peripheral blood 
(Harrison, '26). 
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function of the islet cells of the pancreas may lead to their 
exhaustion and thus to diabetes. Hyperinsulinism also tends 
to cause obesity, another important etiological factor in 
diabetes. It is of interest here to note that hypoglycemia is, 
apparently, as common as hyperglycemia (Sippe and Bostock, 
>33). 


METHODS OF INVESTIGATION 

Selection of cases. Though not proved anatomically, the 
subjects investigated were, judging from clinical signs and 
blood sugar data, suffering from hyperinsulinism. The his¬ 
tory in each case was essentially the same, namely, attacks 
of hunger and weakness which came on after meals, varying 
between \ and 3 hours, in spite of what appeared to be the 
usual and, at times, more than the usual amount of food. In 
one case, headache accompanied the weakness and hunger. 
In all cases, the symptoms were completely relieved by taking 
food. Two of the subjects discovered that eating between 
meals relieved the symptoms. 

EXPEEIMENTAL 

The experimental procedures were the same as those which 
have been in use in this laboratory since 1924 (Finley and 
Rabinowitch, *24). Experiences with hundreds of such tests 
have increased our confidence in this type of work. They 
consist of simultaneous determination of blood sugar and 
respiratory metabolism before and, again, 30, 60,120 and 150 
minutes after administration of glucose. The vagaries of 
this experimental procedure are many. A variety of pre¬ 
cautions are necessary in order to be reasonably certain that 
the data obtained reflect the metabolic conditions. It may here 
be observed, it does not necessarily follow that the respira¬ 
tory quotient at the mouth is the respiratory quotient in the 
body tissues. There are, first, the many sources of error due 
to technic. Adjustment of gas masks or mouth pieces; leakage 
of gas from the bags in which the samples are collected, and 
errors during gas analyses are the more common sources. 
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Carefully trained technicians, care of apparatus and long ex¬ 
perience with such tests tend to reduce these errors to a 
minimum. All gas analyses in this investigation were made 
with the Haldane type of gas apparatus. Accuracy of ap¬ 
paratus was repeatedly checked by analyses of outside air. 
All analyses were made in duplicate by two technicians. Bach 
gas sample was, therefore, analyzed in quadruplicate. Uri¬ 
nary nitrogen estimations were not made, because of the un¬ 
certainty that values obtained at short intervals of time repre¬ 
sent the protein metabolism for the corresponding periods. 
As these subjects were not diabetics—as there was no glyco¬ 
suria—15 per cent of the total heat production was attributed 
to protein. For the validity of this procedure, there appear 
to be sufficient data (Voit, ’01). The remaining calories were 
assumed to be derived from carbohydrate and fat and were 
apportioned according to the Zuntz-Schumbnrg tables as modi¬ 
fied by Williams, Riche and Lusk (12). In the calculations 
of rates of oxidation of carbohydrate, no alterations were 
made when the respiratory quotients were greater than 1.0 or 
less than 0.7. In the former case, consumption of oxygen and 
carbon dioxide production were attributed to oxidation of 
carbohydrates and, in the latter to oxidation of fat. 

Aside from the sources of error due to technic, a variety 
of other factors must be considered in the interpretation of 
data. Psychic influences, for example, must be reduced to a 
minimum. This depends largely upon the personality and 
training of the technician. Careful attention throughout the 
test to respiratory movements, to rate and amplitude of respi¬ 
rations, is very important. The influences of the latter will 
be dealt with in a discussion of the data. 

All tests were performed in the morning and under strictly 
basal metabolism conditions with no alterations whatever in 
the dietary habits of the individual prior to the day of the 
test. 

In spite of all of the above-mentioned precautions, there 
remain the possible sources of error inherent in short time 
experiments. Though the data obtained under these condi- 



METABOLISM IN HYPEBINSULINISM 


211 


tions may actually reflect the metabolism at the time of the 
test, they may not be representative of the conditions during 
the greater part of the day. Consideration must also be 
given to a variety of other factors. As these have been dealt 
with elsewhere (Joslin, ’24; Du Bois, ’24), they will not be dis¬ 
cussed here. Confidence in this procedure is, however, en¬ 
hanced by the fact that data of some of our previous experi¬ 
ments have been repeatedly confirmed with the aid of the very 
exact respiration calorimeter at the Bussell Sage Institute 
of Pathology. The latter include the observations of Ladd 
and Richardson on renal glycosuria (’25) and those of 
McClellan et al. (’28) on the metabolism of dihydroxyacetone. 

The data of five cases are reported in the order in which 
they were obtained (tables 2 to 6). In all, six cases were 
studied. One case is not included in this report, because the 
blood sugar time curve obtained during the test was not flat; 
the hyperglycemic response to the ingested glucose was 
normal. In this investigation, for a nmber of reasons to be 
dealt with later, we were concerned particularly with flat, or 
nearly flat, curves. 


STANDARDS 

Blood sugar time curve. The normal blood sugar time 
curve is too well known to require comment. The conditions 
necessary to obtain reliable data were dealt with elsewhere 
by one of the writers (Rabinowitch, ’34). 

Respiratory exchange. The average respiratory quotient 
during the fasting period is 0.82 {0.83 for males and 0.81 
for females} (Benedict et al., ’14). After the administration 
of 100 gm. of glucose, an increase may be noted within a few 
minutes (Higgins, ’16) and rarely fails to occur within 30 
minutes. The average maximum increase is about 0.12. In 
some instances a slight decrease may be noted. In conditions 
which deplete glycogen, such as exercise, starvation, etc., no 
increase or an actual decrease may be noted for a time. 
Benedict and Carpenter (’18) found a fairly consistent picture 
in the ten cases observed. The lowest, highest, and average 
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peaks of carbon dioxide production were, respectively, 12, 35, 
and 25 per cent above the basal period; of oxygen consump¬ 
tion, 3, 22, and 12 per cent; of the heat production, 6, 24, and 
14 per cent; and of the respiratory quotients, 0.07, 0.17 and 
0.12, respectively. The average time of appearance of the 
maximum effect was within 2 hours. 

DISCUSSION OP RESULTS 

The blood sugar time curves obtained in the five cases in 
which respiratory metabolism studies were made are shown 
in table 1. It will be observed that the results, in each case, 


TABLE 1 

Showing repeated blood sugar time curves in hyperinsulinism 
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were essentially the same when the tests were repeated. The 
time interval between tests ranged from 4 days (subject MS) 
to about 8 weeks (subject 98-34). In one case (subject 295-34) 
the test was performed three times with a time interval of 
8 days between the first and second test and 7 days between 
the second and third test. These curves, incidentally, demon¬ 
strate the value of the test in the detection of hyperinsulinism. 
As Wilder (’33) has observed, blood sugar time curves ob¬ 
tained singly may not be very helpful. Eepeated tests, how¬ 
ever, are helpful, when both curves are flat. The value of 
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repeated tests is, however, destroyed when any changes are 
made in the dietary habits of the individual between tests 
(Rabinowitch, ’34). The following case of hyperinsulinism 
(subject JBM) is an example of the disturbing effects of diet. 
In this case, three blood sugar time curves were obtained 
with the following results: 


Fasting 

30 minutes after glucose ingestion 

60 minutes after glucose ingestion 

120 minutes after glucose ingestion 

150 minutes after glucose ingestion 


Blood 

sugar {per cent) 

Feb. 14 

Feb. 26 

Mar. 14 

0.111 

0.082 

0.112 

0.116 

0.100 

0.166 

0.139 

0.122 

0.149 

0.105 

0.091 

0.128 

0.103 

0.075 

0.106 


It will be observed that the time interval between the first 
and second tests was 12 days and between the second and third 
tests it was 16 days. The first two curves are practically flat; 
whereas, in the third curve (March 14) the hyperglycemic 
response to the ingested glucose is normal. Between the 
second and third tests, the diet was increased not only with 
respect to carbohydrates, but, also, to caloric content. 

In spite of all precautions, flat curves, even when obtained 
repeatedly, need not necessarily be due to hyperinsulinism; 
they may still be due to some unrecognizable defect in the 
absorption of glucose from the alimentary tract. As will pres¬ 
ently be shown, however, interpretation of blood sugar data 
may be simplified by simultaneous study of the effects of the 
ingested glucose upon the respiratory metabolism. McClel¬ 
land and Wardlaw (’32) first reported respiratory metabolism 
studies in hyperinsulinism. As far as could be ascertained 
from the literature, however, the following present study is 
the first in which blood sugar and respiratory metabolism data 
were obtained simultaneously. 

Case 1. It will be observed (table 2) that the blood sugar 
time curve was flat; there was no hyperglycemic response to 
the ingested glucose. This could have been due to defective 
absorption of the glucose from the gastro-intestinal tract or 
to rapid disappearance of the absorbed glucose from the blood 
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stream, either because of rapid oxidation or storage. It will 
be noted that the respiratory quotient at the 30-minute period 
was depressed. This, according to our previous experiences 
with such tests (Rabino witch, ’25), suggested storage of the 
ingested glucose. The increase of heat production which was 
quite appreciable at the 60-minute period is, however, difficult 
to interpret. It was apparently not due to carbohydrate 
oxidation and can hardly have been due to stimulation of peri¬ 
stalsis by the ingested fluid. It is a well-known fact that the 
effects of cathartics and agar-agar are almost negligible, in 
spite of the intestinal activity which they produce. Without 
an increased elimination of carbon dioxide (washing out phe¬ 
nomenon), it is difficult to attribute the increase of heat pro¬ 
duction to excess activity of the respiratory muscles. Oxida¬ 
tion of food stuffs, other than carbohydrate, is the most likely 
explanation of the increase of heat production. 

The respiratory quotient at the end of 120 minutes was 
increased and, because of the precautions taken, this finding 
is not regarded as an artefact due to washing out of carbon 
dioxide. It will be noted that the ventilation and respiration 
rates also fail to suggest over-ventilation; they were remark¬ 
ably uniform throughout the test and practically identical 
with conditions in the fasting (control) period. The coopera¬ 
tion of the patient was ideal. The heat production at this 
period was increased, but the increase was lower than that 
which corresponds to the usual specific dynamic action of 
glucose. It is, however, difficult to attribute it to some other 
condition. There was no obvious excess activity of the muscles 
of respiration, nor were there any other abnormal movements. 
The time factor tends to exclude effects of water ingestion. 

In view of the inappreciable increase of heat production at 
the 150-minute period, the increase of the respiratory quotient 
is attributed to storage of the ingested glucose, possibly by 
conversion into fat. Here, also, the ventilation and respira¬ 
tion rate data appear to exclude an artefact due to washing 
out of carbon dioxide. On the whole, therefore, it would ap¬ 
pear that, in this case of suspected hyperinsulinism, the gen- 
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eral response to the ingested glucose was storage. Since we 
believe that all recognizable technical and other errors have 
been excluded, this case affords an example of the value of 
respiratory metabolism studies when the blood sugar time 
curve is flat. In this case, defective absorption of the ingested 
glucose from the alimentary tract is excluded. That our inter¬ 
pretation of the above data is correct is suggested from the 
experiences with the following case. 

Case 2. In this case (table 3) the blood sugar time curve 
was practically flat; but, differing from the previous case, it 
will be noted that, following ingestion of the glucose, there 
was an immediate and sustained increase of the respiratory 
quotient; and each increase was accompanied by an increase 
of heat production. Because of the ventilation and respira¬ 
tion rate data, we believe that artefacts due to washing out 
of carbon dioxide are excluded. It is of interest to note that 
the percentage increase of carbon dioxide elimination was 
appreciably greater than the percentage increase of ventila¬ 
tion rate; and that the latter bore little or no relationship to 
the percentage increase of heat production. In this case of 
suspected hyperinsulinism, therefore, the dominant response 
to the ingested glucose was oxidation. 

Proof that the flat blood sugar time curve in this case was 
not due to defective absorption of glucose is much more 
definite than in the previous case. 

Assuming these two individuals were suffering from hyper¬ 
insulinism, it would appear that the response to glucose in¬ 
gestion in this condition is not uniform. Further suggestive 
are the findings when consideration is given to the dietary 
habits of these subjects; the data fit in with the generally ac¬ 
cepted views of carbohydrate oxidation in animals and with 
findings in man. In simultaneously determined arterial and 
venous blood sugar and respiratory quotient time curves in 
diabetics following insulin administration, Rabinowitch and 
Bazin (’27) showed that, as in animals, glycogen formation 
appears to be a necessary preliminary to oxidation of carbo¬ 
hydrates. This offers an explanation of the data in the above- 
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mentioned cases of hyperinsulinism. It would thus appear 
that the response to glucose in hyperinsulinism depends upon 
the amount of glycogen stored in the body at the time of the 
test. With a good supply of glycogen, the response to glucose 
ingestion is oxidation and when there is a tendency toward 
depletion of glycogen, the initial reaction is storage. The 
findings in these two cases fit in with the respiratory metabo¬ 
lism data obtained by McClellan and Wardlaw (’32) in 
another case of hyperinsulinism. They also fit in with the 
following cases in which the dietary habits of the subject 
were carefully correlated with the metabolic data. The im¬ 
portance of a knowledge of the dietary habits, in the inter¬ 
pretation of respiratory metabolism data, was emphasized 
by one of the writers in 1925 in somewhat similar studies 
(Rabinowitch, ’25). In the above-mentioned paper, McClellan 
and Wardlaw again draw attention to this fact. 

Case 3. There are a number of difficulties in the interpreta¬ 
tion of the data in this case. Here, also, it will be noted 
(table 4) that, as in case 2, the blood sugar time curve was 
practically flat and that the respiratory quotients were in¬ 
creased throughout the test. There are, however, two im¬ 
portant differences between the two cases; the respiratory 
quotient was very low in the fasting state (lower than the 
respiratory quotient for fat) and it was very high (higher 
than the respiratory quotient for carbohydrate) at the 120- 
minute period. 

Very low respiratory quotients, less than 0.7, are not very 
common. They may be met with in the very severe diabetic 
when the D:N ratio is very high. The late Prof. Graham 
Lusk (’28) calculated that the diabetic respiratory quotient 
for protein is 0.632 when the D: N ratio is 3.65. Respiratory 
quotients lower than 0.7 have also been noted occasionally in 
normal individuals. Lyon, Dunlop and Stewart (’32) have 
recently reviewed the literature and drew attention to the 
low values which may be met with in obesity. These authors 
suggested the possibility of conversion of fat into sugar. 
Space does not permit a discussion of this highly controversial 
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subject. It is, however, an interesting speculation as to 
whether, in spontaneous hyperinsulinism, when the body is 
depleted of its carbohydrates, it attempts to obtain sugar 
from unusual sources. Another explanation, and which per¬ 
haps fits in better with established facts of physiology, is that 
the low respiratory quotient in hyperinsulinism is due to the 
protein metabolism. It is suggested that conditions in hyper¬ 
insulinism may be, at times, somewhat comparable with those 
in the very severe diabetic with a high D:N ratio; in the 
diabetic, the low respiratory quotient is due to the fact that 
the glucose formed from protein is excreted; in spontaneous 
hyperinsulinism, when there is a tendency toward depletion 
of glycogen, the glucose so formed is stored. 

That the very low respiratory quotient in this case was 
due to storage of glucose from protein is suggested from the 
findings after administration of glucose. It will be observed, 
as stated, that the respiratory quotient was greater than 1.0 
at the 120-minute period. An artificially high respiratory 
quotient due to over-ventilation is, we believe, excluded. There 
was no obvious over-ventilation throughout the test and it will 
be noted that there was no relationship between percentage 
increase of ventilation rate and percentage increase of carbon 
dioxide elimination. 

Further suggestive of storage of the ingested glucose is 
the fact that, with one exception only (the 30-minute period), 
increase of respiratory quotient was not accompanied by 
increase of heat production. (It should also be observed that 
the respiration rates were remarkably regular and slow.) 

The fact that the data show an increased rate of oxidation 
of carbohydrates (grams carbohydrate oxidized per hour) is 
not, in our opinion, incompatible with the above interpreta¬ 
tion. The values recorded are obviously due to the arbitrary 
method of calculating rate of oxidation of carbohydrate. It 
is, of course, possible that glucose may be oxidized without 
exerting a specific dynamic action. This peculiar phenomenon 
has been observed before. Coleman and Du Bois (’15), for 
example, found no appreciable increase of heat production 
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in typhoid fever during the febrile stage of the disease. This, 
as Lusk suggested (14), may have been due to the increase 
of metabolism. These data are, however, hardly comparable 
with those obtained in the above case of hyperinsulinism, 
since there was neither fever nor an increase of basal metabo¬ 
lism. Storage of the ingested glucose is the most likely ex¬ 
planation of our data. Storage, as a matter of fact, is prob¬ 
ably the explanation of the absence of specific dynamic action 
of food in fevers. As Lusk pointed out in his discussion of 
the protein metabolism in typhoid fever, the protein in fever 
can never be reduced to as low a level as in the normal indi¬ 
vidual. Therefore, the protein ingested may serve to replace 
the protein which is being broken down in excess. Under 
these conditions, it would not increase the heat production. 
That the interpretation of our data in the above case of 
hyperinsulinism is correct is suggested from experiences with 
the following case: 

Case 4. The history of this case is of interest. The patient 
complained of marked weakness on awakening in the morning; 
of drowsiness in the afternoon; and of a loss of 20 pounds of 
weight during the last year. Loss of weight fits in with 
starvation and, therefore, depletion of body glycogen. As¬ 
suming that glycogen formation is a necessary preliminary to 
oxidation, one could, a priori, expect the first effect of glucose 
ingestion in this case to be storage. One might also expect, 
as in case 3, a very low respiratory quotient in the fasting 
state. It will be noted, however, that the respiratory quotient 
was not only not low, but much higher than normal (0.907) 
and it is difficult to attribute it to over-ventilation. Firstly, 
there was no increase of respiration rate; the respirations 
were 20 per minute. Secondly, since the ventilation rate was 
6.20 liters and the respiration rate was 20 per minute, the 
average exchange of air was only 310 cc. per respiration and, 
lastly, the basal metabolic rate was low, namely, minus 9 per 
cent. This is opposed to excess activity of the muscles of 
respiration. The high respiratory quotient in the fasting state 
suggests that, in this case of hyperinsulinism, the body, in 
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spite of loss of weight, had a good supply of glycogen, a 
supply which permitted continuous oxidation of appreciable 
quantities of carbohydrate even as late as 15 hours after the 
last meal. That this is the correct explanation is suggested 
from the history of the case. This patient learned by experi¬ 
ment that the weakness and hunger which came on regularly 
about 2 hours after meals could be relieved by eating between 
meals. He has, therefore, followed this practice for some 
time. This offers an explanation of the findings after adminis¬ 
tration of the glucose. It will be observed that, differing from 
the previous case, the prominent response to the ingested 
glucose was oxidation. Proof of this is that, with one ex¬ 
ception, each increase of respiratory quotient was accom¬ 
panied by an increase of heat production which corresponded 
to the normal specific dynamic action of glucose. That this 
increase of heat production was due to the specific dynamic 
action of glucose and not to over-ventilation is again sug¬ 
gested from correlation of ventilation rate with carbon dioxide 
elimination and heat production. 

There is one finding difficult to interpret in this case. It 
will be observed that the very high respiratory quotient at the 
150-minute period was not accompanied by an increase of heat 
production. The respiratory quotient, being greater than 
unity, suggests conversion of glucose to fat. The increase 
of ventilation rate suggests an artefact and, according to the 
clinical history, it would appear that storage of ingested glu¬ 
cose was not necessary. On the other hand, there was not 
only no increase of heat production, but actually a decrease. 
This suggests storage. 

Case 5. In this case (table 6) some of the data are also 
difficult to interpret. It would appear that there was a com¬ 
bination of storage and oxidation. As in the previous case, 
the respiratory quotient is high in the fasting state; and, here, 
also, the data fit in with the history of the case. This man 
suffered from diarrhea and loss of weight before the test 
and these were attributed to a chronic pancreatitis. A high 
carbohydrate-low fat diet was, therefore, substituted for the 
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normal diet 11 days before the, test and was continued until 
3 days before the test when he was given a full hospital diet. 
He was also given frequent feedings. Since protein must have 
contributed appreciably to the heat production during the loss 
of weight, it would appear that the data are somewhat com¬ 
parable to those which were obtained in typhoid fever by 
Du Bois when a high carbohydrate was substituted for a high 
fat diet. It will be noted that all of the respiratory quotients 
after administration of the glucose were greater than 1.0 and, 
that except for the 120-minute period, the increase of heat 
production was below the minimum specific dynamic action of 
glucose in normal individuals (Benedict and Carpenter, ’18). 
Over-ventilation does not appear to account for these very 
high respiratory quotients, according to percentage increase 
of carbon dioxide elimination, ventilation rate and heat pro¬ 
duction. 

The basal metabolic rate was also normal, namely, plus 7 
per cent. The above data are, therefore, attributed to a com¬ 
bination of oxidation and storage. It is suggested that, be¬ 
cause of loss of weight due to the chronic diarrhea, there was 
a tendency to store the ingested glucose as fat, in order to 
restore body weight. This would account for the respiratory 
quotients greater than unity. As the patient received a 
liberal carbohydrate diet for some days before the test, this 
restored the glycogen in the body. (There was no acetone 
in the urine.) With a good supply of glycogen, some of the 
glucose ingested was oxidized. 

It was considered of interest to examine the respiratory 
metabolism data for any harmful effects of hyperinsulinism 
other than those due to hypoglycemic disturbances. As previ¬ 
ously stated, Harris suggested that prolonged over-function 
of the cells of the pancreas may lead to their exhaustion and 
thus to diabetes. In our cases, at least to date, there is no 
evidence of such exhaustion. It will be noted that the blood 
sugar time curves in all of the above cases were flat or nearly 
so. Flat blood sugar time curves, when not due to defective 
absorption of sugar from the gastro-intestinal tract, suggest 
exceptionally good carbohydrate tolerance. 
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That exposure to excess insulin may eventually disturb 
sugar tolerance and need not necessarily do so by exhaustion 
of the islet cells of the pancreas is suggested from our ex¬ 
periences in 1927, 3 with repeated blood sugar time curves 
obtained in a normal individual following administration of 
insulin. The following is an example: 

In this case (IIosp. no. 5848/27) the patient was suffering 
from an eczema and the blood sugar time curve suggested a 
slight disturbance of carbohydrate tolerance. It was con¬ 
sidered of interest to test the effects of insulin upon the course 
of the eczema. The following are the results of six blood 
sugar time curves obtained during the period of observation: 

Date (blood sugar—per cent) 



Mar. 7 

Oct. C 

Nov. 5 

Nov. 12 

Nov. 17 

Nov. 23 

Fasting 

0.106 

0.093 

0.084 

0.114 

0.120 

0.099 

30 minutes after ingestion 

0.149 

0.175 

0.222 

0.250 

0.232 

0.106 

60 minutes after ingestion 

0.196 

0.204 

0.250 

0.385 

0.454 

0.250 

120 minutes after ingestion 

0.101 

0.111 

0.196 

0.416 

0.357 

0.476 

150 minutes after ingestion 

0.109 

0.106 

0.075 

0.238 

0.181 

0.250 


The first two blood sugar time curves (Mar. 7 and Oct. 6) 
were obtained before insulin. The third curve (Nov. 5) was 
obtained 3 weeks after insulin treatment was instituted. It 
will be noted that there w r as a marked disturbance of the carbo¬ 
hydrate metabolism; and according to the subsequent curves 
the disturbance appeared to be progressive. All six curves 
were obtained under the strict conditions previously described 
(Rahinowitcli, ’34). Errors are, therefore, excluded. This 
patient was kept in the hospital from October 5th to November 
24th and no alterations were made in the diet between tests. 
In spite of repeated physical examinations, other than the 
exzema, nothing was found to account for the progressive 
disturbance of carbohydrate tolerance. Unfortunately, the 
patient refused further treatment. He was discharged from 
the hospital and has not been heard of since. 

That the relationship noted between the insulin treatment 
and disturbance of carbohydrate tolerance was causal and not 
* Unpublished data. 
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accidental is suggested from somewhat similar experiences 
in other cases. Interpretation of the findings is, however, 
difficult. Experimental data with respect to the effects of 
insulin on normal animals are conflicting. Some authors 
have found that insulin and sugar administered simultaneously 
caused an increased storage of glycogen in the body; the 
insulin so administered produced the same physiological ef¬ 
fects as in the diabetic, but with more intensity. Others have 
failed to observe such effects; not only was there no increase 
of utilization of carbohydrates, but large quantities of insulin 
were found to suppress glycogen formation almost completely. 
In some cases, the course of the ingested glucose could not 
be traced. The whole subject was excellently reviewed re¬ 
cently by Oori (’33). The findings of Chaikoff and Macleod 
(’27) are of special interest here. When normal rabbits were 
fed ample carbohydrates, insulin did not increase carbohydrate 
oxidation and, from the data available at the time, Macleod 
(’2C) concluded that the difference between the normal and 
diabetic animal is due to the fact that the normal animal can 
at all times release from the pancreas a sufficient supply of 
insulin to metabolize or polymerize whatever amounts of 
carbohydrate may be present in the body. In other words, 
the endogenous supply of insulin is always at an optimum in 
the normal animal. 

There are very few respiratory metabolism data showing 
the effects of simultaneous administration of glucose and 
insulin in normal human individuals. From the data obtained 
by Rabinowitch and Bazin (’28) it would appear that, unlike 
in diabetes, insulin does not increase the rate of oxidation of 
administered carbohydrates. From data then available, ani¬ 
mal and human, it was suggested that insulin does not only 
not enhance oxidation of sugar in the normal individual, but 
in some as yet unexplained way interferes with the normal 
mechanism. The data fit in with more recent findings of other 
workers. Wilder, Smith and Sandiford (’32), in a study of 
obesity, noted that administration of insulin for periods of 
from 32 to 30 days was followed by temporary loss of carbo- 
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hydrate tolerance to such an extent that the blood sugar time 
curves were typical of diabetes mellitus. Paul, Clark and 
Gibson (’32) studied the effects of insulin in a non-diabetic 
who suffered from anorexia. Hyperglycemia and glycosuria 
developed when the insulin was discontinued. In a study of five 
other non-diabetics who were given insulin three times a day in 
relationship to meals, the results were essentially the same and 
blood sugar time curves in three of these cases indicated 
diminished sugar tolerance. Data obtained by McJunkin and 

TABLE 7 

Showing increases of respiratory quotients and percentage increases of oxygen 
consumption, carbon dioxide production and heat production in normal 
individuals following administration of glucose with and without 
insulin and in hyperinsulinism 
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Roberts (’32) are of interest here. In a study of the effects 
of excessive insulin on the pancreatic islet cells in young rats, 
these workers noted that the injected insulin inhibited the 
proliferative activity of the islet cells, though the rate of 
growth of the animals otherwise was not impaired. More 
recent experiences, therefore, also suggest that injected in¬ 
sulin not only does not enhance oxidation of sugar in normal 
individuals, but interferes with the action of the insulin pro¬ 
duced by the body. Does this also apply to the excess insulin 
to which the body is exposed in hyperinsulinism? The data 
in table 7 are of interest here. In this table are summarized 
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the findings of the above five cases of spontaneous hyperin- 
sulinism. These are compared with the results obtained by 
simultaneous administration of glucose and insulin in normal 
individuals (Rabinowitch and Bazin, ’28) and with the data 
obtained by Benedict and Carpenter with glucose alone (Bene¬ 
dict and Carpenter, ’18). It will be observed that the aver¬ 
age values in the cases of hyperinsulinism paralleled more 
closely those obtained with simultaneously administered in¬ 
sulin and glucose in normal individuals than those obtained 
with glucose alone. It would, therefore, appear that hyper¬ 
insulinism may, at times, not only not cause an increase, but, 
in some as yet unknown manner, may tend to depress oxida¬ 
tion of carbohydrates. 


SUMMARY 

Simultaneous blood sugar and respiratory metabolism time 
curves wore obtained in five cases of hyperinsulinism after 
oral administration of glucose. 

In each case, the diagnosis of hyperinsulinism was based 
upon the history and blood sugar findings; the patients com¬ 
plained of weakness, fatigue, hunger, etc., which appeared 
within a few hours after meals and were relieved by taking 
carbohydrate-containing foods; and, in each case, repeated 
blood sugar time curves obtained after administration of glu¬ 
cose were flat; hyperglycemic response to the ingested glucose 
was inappreciable or absent. 

According to the respiratory metabolism data, the response 
to glucose ingestion may be oxidation or storage; and it would 
appear that the type of response depends upon the amount 
of glycogen in the body. With a poor supply of glycogen, the 
tendency is toward storage and, when the diet is liberal with 
respect to carbohydrates, the tendency is toward oxidation. 

As in all of these cases the clinical histories and symptoms 
were essentially the same, it would appear that the symptoms 
of spontaneous hyperinsulinism are largely independent of 
the glycogen content of the body and are due essentially to 
disappearance of sugar from the blood stream. Either oxida- 



230 


I. M. BABIN0WITCH AND OTHERS 


tion or storage may affect such disappearance. The condition 
thus' resembles insulin shock due to insulin injections. 

No proof was found that the rate of oxidation of adminis¬ 
tered carbohydrates is increased in hyperinsulinism. As a 
matter of fact, the average values suggested a decrease and 
corresponded somewhat to those obtained by simultaneously 
administered glucose and insulin in normal (non-diabetic) 
individuals. 
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Since the accurate proof that in a given period the energy 
output of the animal body is approximately equal to the 
energy produced by the oxidations occurring in the body in 
that period, direct calorimetry has taken a position of less 
general interest. If the energy production may be calculated 
with confidence from a knowledge of the oxygen consumed, of 
the urinary nitrogen excreted, and of the respiratory quotient 
making use of a table such as that of Zuntz and Schumburg 
(’01), then the measurement of the respiratory exchange suf¬ 
fices for many purposes and requires relatively simple appa¬ 
ratus for its determination. There remains, however, a class 
of problems that demand for their solution the simultaneous 
measurement of the respiratory exchange and of the heat 
output of the body. When processes other than the oxidation 
of fat, protein and carbohydrate are taking place in the body 
to any considerable amount, energy and gaseous exchanges of 
unknown magnitude may be involved and our knowledge of 
the calorific value of a liter of absorbed oxygen is inadequate. 
Many such processes are known to be of common occurrence, 
among them being the conversion of carbohydrate to fat, 
possibly the reverse conversion of fat to carbohydrate; the 
change from sugar to glycogen and of glycogen to lactic acid, 
the influence of various hormones on metabolic processes, etc. 
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Also in studies of the heat regulating mechanism of the body 
in normal and disturbed conditions, measurement of the heat 
elimination as well as of the heat production is, of course, 
essential. The calorimeter to be described was designed for 
study of the problems in these fields. 

The end in view at its construction was to have a respiration 
calorimeter of working accuracy, comparatively inexpensive 
in its initial cost, and as automatic in its operation as possible. 
The ideal was a machine operable by one man alone. In 
the measurement of the direct heat, almost complete automa- 
ticity has been achieved. The measurement of the respiratory 
exchange occupies about two-thirds of the time of one man. 
In routine practice two observers are used, the presence of 
the second being desirable to see that the automatic features 
are working properly, to take any additional measurements 
required in any experiment and to ensure, for the peace of 
mind of the subject, that the calorimeter is never left un¬ 
attended. 

Certain details of the construction are explained by the 
fact that it was designed for studies of heat production and 
heat elimination in fevers produced artificially by diathermy 
and by the high-frequency condensor field. To this end, glass 
and other non-conducting materials had to be used instead of 
metal where the latter perhaps might have been preferred if 
the accuracy of calorimetry were alone to be considered. 

GENERAL PLAN OP MEASUREMENT OP GASEOUS EXCHANGE OP 

HEAT 

Figure 1 is a schematic drawing showing the method of 
measurement of the respiration calorimeter. For the gaseous 
exchange the closed-circuit system is used. The air in the air¬ 
tight chamber in which the subject lies is forced continuously 
by the pump through the circuit, which includes a Benedict 
train of absorbers. Water vapor is absorbed by two bottles 
of sulphuric acid; carbon dioxide by a soda lime bottle fol¬ 
lowed by one of sulphuric acid. Two such trains are inter¬ 
changeable in the circuit by the simultaneous throw of two 
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valves so that one may be weighed while the other is absorb¬ 
ing. Oxygen is admitted automatically as it is used by the 
subject. Its amount is measured as it enters by a gas meter. 

The portion of the heat that is lost from the chamber by 
evaporation of water is calculated from the amount of water 
collecting in the acid bottles. Of the remaining heat, lost by 
radiation and convection, the major part is absorbed by cold 
water flowing through a grid of glass pipes in the chamber. 
Before entering, the water is preeoolod and then brought to a 


Scheme 



t a 

Fillin’ 1 


constant temperature in a thermostated bath. Tin* dilTerenco 
ot temperature of the water entering and leaving the chamber 
is measured and automatically recorded by electrical ther¬ 
mometers (T„ in the diagram). Tin* average difference of 
temperature multiplied by the weight of water flowing in any 
period, also automatically measured by a water meter of 
special design gives the number of calories of heat entering 
the water. A small amount of heat is exchanged with the 
circulating air. For its calculation the rise of temperature of 
the air is recorded by the electrical thermometers T A and the 
rate of flow of air is road from a simple air flow meter. 
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The complicated construction of most of the existing calori¬ 
meters arises from the attempt to make them adiabatic. A 
series of enclosing walls are necessary that may he heated or 
cooled to prevent the escape or ingress of heat from the 
chamber except, by the absorbing system provided. Great 
simplification iu this calorimeter has been achieved by aban¬ 
doning the adiabatic principle and instead measuring the 
heat escaping from the calorimeter into its surroundings. It 
may be noted that in modern purely physical calorimetry, the 
adiabatic principle is not in general favor, equal and probably 
greater accuracy being achieved, after the losses of heat have 
been minimized, by measurement of the losses that remain. 
Further, no less accuracy of measurement is required to know 
that the surrounding walls of the calorimeter are at the same 
temperature than is needed to measure the small difference of 
temperature that may exist across the insulation. 

In the calorimeter hero described, heat loss is reduced by 
the use of an insulating layer surrounding the calorimeter 
wall, the remaining heat loss being then measured by the 
thermal gradient set up by the heat flow across the insulation. 
Electrical thermometers, one inside, one outside tin* insulating 
layer, record the gradient of temperature automatically. 
Calibration has enabled a graph to be drawn giving the heat 
loss corresponding to any given gradient. 

DKTA1LH OF ('ONSTRI'CTIOX 

The calorimeter room. The room in which the calorimeter 
is installed measures 17 feet (f>M) by S feel 6 inches (2.6M) 
by 10 feet. (3M) high, and was built originally for an incubator 
room. Its walls and doors are lagged with 3 inches (7.3 cm.) 
of cork insulation. Four electrical heaters at widely spaced 
points in the room are regulated by a thermostat hanging 
above the calorimeter. By introducing a series of pipes 
carrying brine from the refrigerator plant and balancing the 
heat output of the electric heaters, a lower range of regulation 
was secured and the room may now be kept to any temper¬ 
ature between 20°C. and 28°C. with a constancy of about J°C. 
The calorimeter chamber, with water circulating system and 
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Iho air circulating system with the Benedict train, occupy one 
side of the room. Against the opposite wall are the balance 
and electrical controls and recording devices (fig. 7). 

The chamber. The chamber consists of four cylindrical 
seel ions of Pyrex glass, 23 inches (57.7) cm.) in diameter; each 
section being 19 inches (47.5 cm.) long. The last section is 
closed at one end. Flanges at the edges of each section enable 



Fig. 2 Glass chamber of calorimeter, showing maimer of binding together the 
segments with bakelite rods and rings. 

them to be damped together with a rubber gasket interposed, 
by an arrangement of bakelite rings into which bakelite rods 
are threaded to supply tension ami to form a rigid framework 
round tin; glass (fig. 2). In addition ‘Vulcatex’ cement (‘knife 
grade C) is used to seal the joints between the sections. A 
shorter closed section, 7 inches (17.5 cm.) depth, forms the 
head of the chamber. 1 

1 The chamber and mounting were mailt* specially for the calorimeter by the 
Corning Glass Company, Corning, New York. 
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The glass chamber is cradled iu a hardwood box of external 
dimensions 29 inches (72.5 cm.) by 29 inches (72.5 cm.) by 
82 inches (205 cm.) long. The glass rests upon wooden saddle 
pieces at each junction of the sections. The last, closed glass 
section is pressed against the wooden end piece of the box 
through a rubber pad. A space 11 inches (3.75 cm.) wide 
at its narrowest parts exists between the glass cylinder and 
the wooden walls. It is occupied by the heat insulation to be 
described later. Several holes for the entrance and exit of 
the water pipes, the air-flow pipes and of electrical wiring are 
bored through the glass walls and end piece. A glass window 
12 inches (30 cm.) square, in the wooden frame that holds the 
glass head of the chamber admits light and permits observa¬ 
tion of the subject. The enclosing wooden box is supported 
on two wooden ‘horses’ so that the axis of the cylindrical 
chamber is some 2 feet 9 inches (83 cm.) from the floor. 

Jtapid and effective air-tight closure is made by the arrange¬ 
ment of eight equally spaced steel rods, hinged to the outside 
of the box so that they swing into engagement with notched 
metal pieces on the wooden head. Knurled hand-wheels on 
the threaded rods then clamp the bakelite rings of the head 
and chamber sections together through a rubber gasket, which 
is cemented permanently to the head. Vaseline is used ns a 
lubricant on the gasket. 

The air circulation xj/stew. A rotary blower, tilted with a 
pressure equalizing chamber, is driven at 600 r.p.m. by a 110- 
volt motor, it is capable of circulating the air through the 
apparatus at rates up to 60 liters per minute. The rate is 
controlled by the setting of a tap in a short tula; by-passing 
the air directly from outlet to inlet of the pump. A rate of 
about 35 liters per minute is usually employed. Brass piping 
of £ inch (1.25 cm.) inside diameter leads the air up to the 
absorbing train on the bench above. The t wo Benedict trains, 
each of the four bottles of 2 liters’ capacity are mounted in 
parallel, the air being diverted through one train or the other 
by the throw of a lever on a rod which turns simultaneously 
tw’o ground-in metal valves, placed one at each end of the 
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trains. From the trains the air pipe passes under the bench 
to a bottle containing sticks of sodium hydroxide, to prevent 
the possible access of acid fumes to the chamber. It then 
passes through the simple air-flow meter, to be described, to 
enter the chamber through a hole near the top of the closed 
end. The air leaves the chamber by an exit hole in the lower 
surface of the section nearest the open end, and returns to the 
pump. 

Figure 3 shows the simple air flow meter that lias been found 
to be very satisfactory in operation. Brass is used through- 



Figure 3 

out. A dividing shelf makes a 1-inch (2.5 cm.) square channel, 
which is almost completely blocked by a light vane (in dotted 
lines in the figure). The vane is pivoted at the level of the 
base of the channel and carries a pointer and counterpoise 
beneath so that under the influence of gravity it stands verti¬ 
cally. Flow of air deflects the vane to a new equilibrium 
position indicated by the pointer on a scale viewed through 
a glass window. Adjustment of sensitivity is made by move¬ 
ment of the counterpoise weight on its rod. Calibration, 
made by collection of the air flowing through the meter in a 
large spirometer, shows that the scale is practically linear in 
the range of rates of flow used. The rate in liters per minute 
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is read from the calibration curve. Owing to the small magni¬ 
tude of the specific heat and density of air, the item of heat ex¬ 
change with the air is in any case a small one, and for its 
calculation this simple meter is quite accurate enough. 



Pig. 4 Chamber open with subject in position. The subject ’s hand grasps a 
buzzer’ button. The arehing elements of the glass grid ean lie seen in the upper 
part of the ('hambpr. 

Ihe oxygen supply, A spirometer of some 4 liters’ ca- 
paeity is connected to the chamber and ensures that the pres¬ 
sure inside is always atmospheric, it may be seen to the 
right-hand sale in the photograph, figure 4. One millimeter 
movement of the pointer attached to the bell corresponds to 
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a volume change of 18 cc. When the spirometer bell falls 
below a certain level, a pin on the counterpoise pulley pushes 
down an arm making contact with mercury in a cup. This 
contact actuates a relay, operated on 3 volts, which closes a 
110-volt current to energize a magnetically controlled ‘pinch 
cock’ admitting oxygen from a cylinder into the system. As 
tin 1 spirometer then rises, a spring keeps the arm in contact 
until the pin eventually lifts it from the cup, thus breaking the 
circuit and stopping the inflow of oxygen (Riche and Soder- 
strom, ’15). If for any reason the oxygen supply should fail, 
the spirometer continues to fall until contact is made with 
mercury in a second cup, when a bell rings warning the ob¬ 
servers that oxygen is needed. 

Before it enters the wet-test meter, the oxygen is saturated 
with water vapor by bubbling through water. As it leaves 
the meter it is dried by passage through a sulphuric acid 
tower, and is admitted into the system on the dry side of the 
Benedict train. 

The water eireulathty system. Distilled water circulates in 
a closed system constructed wherever possible of block tin. 
A centrifugal pump forces it up to a tank holding about 27 
liters, from which an overflow pipe maintains a constant level 
and pressure head, which amounts to about (5 feet (2 M.) 
and suffices to drive up to 2 liters of water per minute through 
the calorimeter. As it is forced up to the tank, any desired 
fraction of the water may be diverted through a block tin 
coil immersed in a bath of ice and water, so that by adjustment 
of valves the temperature of the water reaching the tank may 
be regulated to constancy within J"(.\ From the tank the 
water flows through a tin spiral immersed in a stirred ‘re¬ 
heater’ bath, which has heating lamps controlled by a sensi¬ 
tive toluene-mercury temperature regulator. The tempera¬ 
ture of the water entering the chamber can thus be maintained 
constant at a desired level, usually between 1(5 and 17°0., 
with great accuracy. The constancy of this initial tempera¬ 
ture is essential to the accurate measurement of the heat ex¬ 
change. 
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The water enters the chamber at the center of the closed 
glass end, and flows in a Pyrcx glass tube parallel to the axis 
along one side of the chamber. Similar tubes run parallel to 
this along the top and along the opposite side of the cylindri¬ 
cal chamber. A series of forty Pyrex glass tubes of inch 
(3 mm.) internal diameter arch across (fig. 4) to connect the 
three larger tubes like the ribs of a boat. The water which 
enters the system at the back of the chamber is led back from 
the front end of the tube lying along the opposite side of the 
chamber, so that the path through each connecting arch offers 
equal resistance and there is even distribution of flow. An 
outlet at the highest point, which is at the open end of the 
chamber, allows trapped bubbles of air to be released. The 
total calculated absorbing area is about 10 sq.meters. The 
grid is painted with lampblack to increase its absorbing 
power. 2 

The water on leaving the calorimeter flows through an auto¬ 
matic measuring device of special design into the lower tank 
from which it started. None of the common types of liquid 
flow meters in commercial use can be relied upon to measure 
accurately rates of flow as small as 1 or 2 liters per minute, 
especially at so low a head of pressure. Types of meter which 
weigh the water have been described, a very ingenius one 
being described as used in the original Atwater-Rosa-Benedict 
calorimeter (Atwater and Benedict, ’05). The meter used 
here has fewer moving parts and does not depend upon 
weighing, but upon volume and so avoids errors due to 
friction. While of comparatively simplicity, it has proved 
accurate and dependable as well as completely automatic in 
operation; for this reason details of its design are here given.* 
The meter is shown in figure 5. The two cylindrical cans of 
about 4 liters’ capacity are mounted vertically side by side. 
At the bottom of each is an outlet controlled by a conical 

2 The entire grid was made and installed as one piece by William Pfeiffer, 07 
Wateford Kd., Rochester, New York, 

8 Much of the design and its successful construction are due to Mr. L. Hof* 
Schneider, technician of this laboratory. 
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rubber valve, normally held close by gravity. One or other 
of these valves is opened by rocking of the horizontal arm be¬ 
neath about a pivot at its center. This arm carries rigidly 
also a vertical piece which serves to swing the pipe carrying 
the entering water from one can to the other. In the diagram 



the water is shown filling the left-hand can (observe meniscus 
in glass gauge), until finally a hollow cylindrical metal float 
rises to close a pair of light contacts above it. Current from 
a dry cell will then actuate a relay (not shown), which throws 
current supplied by the 110-volt mains, from the solenoid on 
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the right-hand side of the rocker arm to that on the left. The 
rocker swings, lifting the left-hand valve and discharging 
that can, and swinging the waterpipe to the empty can, the 
valve which is now closed. As the vertical arm swings, a con¬ 
tact mounted on it causes a ‘telephone’ counter to record the 
number of limes the cans have emptied. The relay mentioned 
has an armature pivoted to lie between two electromagnets, 
one of which is energized by the closing of the set of contacts 
above each float. Gravity holds the armature in position 
against either one or the other electromagnet, in which 
position an arm attached to the armature carries the 110-volt 
current through one of a pair of mercury cups to the respec¬ 
tive solenoid, until a momentary impulse in the other electro¬ 
magnet pulls it over to lie against that magnet while the can 
is filling. Thus, although the closing of the contacts by the 
floats is momentary only, there is always a positive force 
supplied by one of the solenoids to hold the mechanism in 
position. The quantity of water delivered by each can, ad¬ 
justed by the position of the contacts above the floats to be 
accurately equal, is found to he constant to within 5 ec. (in 
a total for each can of 4 liters). For the calculation of the 
heat, the weight of water flowing is required rather than the 
volume, but since the temperature of the flowing water does 
not vary by more than a degree centigrade, the density varies 
so little that it may be assumed constant. 

The bed. The bed is a result of trial and error to obtain 
the greatest comfort in the limited space. It moves upon 
casters that roll in brass channelling inserted into wooden 
rails resting in the chamber. The framework of the bed is of 
oak, the bed itself being made from a canvas hammock. A 
wide strip of elastic cloth under the back of the subject is 
found to give additional comfort. When the chamber is open, 
the bed may be drawn almost completely out on extension 
rails carried on a trestle which can be placed temporarily in 
position. The position of the subject in the chamber is seen 
in figure 4. There is room for him to turn on his side and to 
make the small movements necessary to his comfort. Free 
circulation of air all around the subject is provided. 
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Communication. Communication with the subject is main¬ 
tained by an electrical signaling system. The cord and key 
that is held in the hand of the subject are seen descending 
from the roof of the chamber in figure 4. A similar key out¬ 
side the box operates a buzzer mounted beneath the track. A 
simple code of signals suffices for the experimental routine. 

TilK M BAS(THEMENT OF TEMPERATURES 

The differential water thrmometers. At the point of en¬ 
trance and of exit of the water in the chamber, electrical re¬ 
sistance thermometers are immersed in the stream. These 
are wound of nickel wire to a resistance of 100 ohms. They are 
enclosed in brass tubing, some 8 inches of which lie axially in 
the center of the glass tubing carrying the water, and are con¬ 
nected to form a differential thermometer, in a Wheatstone 
network, an arrangement too well known to need description 
here. The current includes a zero adjustment by which the 
bridge may be balanced accurately when the thermometers 
are at the same temperature, and a sensitivity adjustment for 
regulating the readings to different ranges of temperature. 
Standardization is made by adjustment of the current sup¬ 
plied to the bridge to a standard value shown by a milliameter. 
The difference of temperature between inflowing and out¬ 
flowing water is then directly recorded on a Cambridge and 
Paul thread recording galvanometer, the full scale of which 
represents V C. 4 Calibration has been made by immersion of 
the thermometers in stirred water baths thermostated in the 
usual way. 

A rectal thermometer of the usual electrical resistance type 
is also connected to the same recorder so that its resistance 
is recorded on the same chart on alternate minutes with the 
water difference. For later work, however, this thermometer 
has not been of sufficient sensitivity, and another, to be de¬ 
scribed with those used to measure surface temperatures, has 
been constructed. 

4 The thermometers, bridge and recorder wore supplied especially for the purpose 
by the Cambridge Instrument Company, of Ossining New York. 
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The differential air thermometers. The thermometers used 
to measure the temperature of incoming and outgoing air were 
originally of a type of construction similar to those used for 
the water temperatures. It was found, however, that there 
was a tendency to take up the temperatures of the heavy metal 
head of the thermometer protruding from the calorimeter box 
into the room, rather than the temperature of the flowing air. 
Thermometers of less thermal capacity and thermally insu¬ 
lated from the room were therefore made by winding the 
resistance coils, covered only by a coating of shellac, on the 
end of fiber rods pushed axially down the air-pipes at the 
entrance and exit. The difference of temperature is recorded 
every minute on a second Cambridge and Paul recording gal¬ 
vanometer. Standardization is here made by the use of a 
test deflection produced when, for the two resistance ther¬ 
mometers, two fixed resistances differing by a known amount 
are substituted. A switch is included also by which the re¬ 
sistance of one of the thermometers, the ‘exit’ thermometer, 
is compared with a fixed resistance so that the absolute value 
of the temperature is recorded instead of the temperature 
difference. This is used, during the taking of ‘residuals’ at 
the conclusion of each period, to find the temperature of the 
chamber air. 

The gradient and wall thermometers. In figure 6 the heat 
insulation is removed from one section of the glass wall of 
the chamber to show the resistance thermometer that is wound 
spirally on the outside of the cylindrical wall to give auto¬ 
matically the average temperature over its surface. Nickel 
wire of no. 40 gauge is attached by sewing to the long strip of 
cloth shown, there being about 170 feet of wire in all and a 
total resistance of over 1000 ohms. The insulation consists 
of a blanket 1J inches (3.75 cm.) thick, of ‘dry zero,’ a kapok¬ 
like material that has very constant insulating properties. 
Outside the blanket is a second resistance thermometer in a 
strip of cloth (shown to the left) spirally covering the cylin¬ 
drical area. The difference of temperature between these two 
thermometers gives the thermal gradient to which the escape 
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of heat through the insulation is proportional. The second 
recording galvanometer is double and records this gradient 
every 2 minutes. Alternate minutes an automatic switching 
device driven by the same clockwork, compares the inner, wall 
thermometer with a fixed resistance coil, to record the wall 
temperature. The recording galvanometers are seen on the 
shelf in figure 7 with the bridges and batteries below. 



Fig. (i Insulation of chamber and gradient thermometers. 


Serial and surface thermometers. In order that the cal¬ 
culation of heat stored or lost by the body of the subject may 
be made as accurately as possible, tin* average temperatures 
over areas of the body surfaces have been measured as well 
as the rectal temperature in all of the later experiments. The 
technic is that already described by Burton (’34), in which 
resistance thermometers are made by sewing nickel wire into 
areas of light gauze cloth which are held close to the skin. 
One of these thermometers is worn over the surface of the 
trunk, one over the lower leg and one over the forearm of 
the subject, the average temperature for other parts of the 
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surface being' estimated by interpolation from these. Clothing 
may be worn over the gauze thermometers, so that conditions 
are as normal as possible. The rectal thermometer is wound 
of the same no. 40 gauge nickel wire on the end of a hard 
rubber rod of i inch (0.62 cm.) diameter. A spherical swelling 



Fig. 7 Electrical recording instruments. 


2 inches (5 cm.) from the end of the rod serves to keep the 
thermometer comfortably in position. The coil and rod are 
dipped and baked with three coatings of transparent bakclite, 
which is found to be the most satisfactory of any coatings 
tried. Leads from the thermometers leave the chamber by a 
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hole in the upper surface to be connected to the multiple 
bridge shown diagrammaticallv in figure 8. A switch arm 
‘S’ swings over a series of mercury cups ‘C,’ by which in 
turn each of the thermometers is brought into the Wheatstone 
network with its appropriate balancing resistance. In the 



diagram, half of the bridge cover is shown cut away to reveal 
the essential connections to one of the thermometers, the leg 
thermometer, only. R, is the fixed coil balancing this ther¬ 
mometer; Hi and R 2 are the ‘ratio coils’ of the bridge. The 
defied ion of the galvanometer gives directly the tempera¬ 
ture of the thermometer on reference to a calibration chart 
made when the thermometers are immersed in a metal con- 
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tainer in stirred constant temperature baths. In the central 
position the switch connects, instead of a thermometer and its 
balancing- resistance, two fixed resistances, to give a ‘test, 
deflection.’ Adjustment of this to a standard value by the 
rheostat Kh ensures accuracy of the readings. Current from 
a 11 volt dry cell is sufficient to give a sensitivity of .‘I cm. 
on the scale to a degree centigrade, which is ample for physio¬ 
logical experiments. The temperatures of all the four ther¬ 
mometers can be read in the space of less than a minute. In 
routine calorimeter experiments they are recorded every f> 
minutes, though for the calculation of tin* direct heat the 
temperature at the beginning and end of a period are the only 
ones needed. 

Electrii al heat checks. The calculation of the total heat 
received by die apparatus requires a knowledge* of the num¬ 
ber of Calories per hour escaping through the insulation for 
each value of the gradient across it, and also of the number of 
Calories that an* absorbed for each degree rise* of the tempera¬ 
ture of the wall—tin* hulrothermal equivalent of the appa¬ 
ratus. Boll I of these are found by a series of experiments in 
which energy of known amount is supplied in the chamber 
by an ‘electrical man.’ This is a wooden framework on which 
resistance wire is strung and which is covered with asbestos 
cloth to give an area and shape similar to that of a man. The 
energy supplied to this is read from a kilowatt-hour meter. 
(See in tig. 7 on the wall in the foreground.) The rotating 
disc in the meter carries a light silvered eoverslip which, once 
per revolution, reflects the light of a lamp mounted above to 
a phofronic cell, which through a Weston signal relav system, 
actuates a counter. Multiplication of the number of revolu¬ 
tions this counter records in a period by a factor gives the 
number of Calories supplied to tin* chamber. The meter has 
been calibrated against standard voltmeters and ammeters 
through the courtesy of the (ieneral Kailway Signal Company 
of Kochester. 

In the check experiments, the rate of water flow and of 
energy supply is adjusted until thermal equilibrium is 
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reached, so that in an hour period there is no recorded change 
of temperature of the wall, and thus no item of heat to be 
reckoned as entering or leaving the apparatus itself on that 
score. The heat entering the water, the air, and that lost by 
evaporation are calculated. The discrepancy between the 
total and the heat electrically supplied gives the heat that 
has escaped through the insulation of the calorimeter. The 
rate of the heat loss, or gain, is then plotted against the aver¬ 
age gradient of the period, to give the curve used in future 
experiments to calculate the heat loss from the average 
gradient. Since, in the determinations of this curve, all the 
sources of heat measurement are present that occur when 
human calorimetery is studied, the deviation of the points 
from a smooth curve is a measure of the errors in the measure¬ 
ment of heat by the apparatus. The errors are found to be 
not greater than 1 or 2 Calories per hour. In practice, the 
temperature of the calorimeter room is set to such a value 
that the gradient of temperature across the insulation is 
small, and the item of heat lost or gained by this route is a 
small one. 

For the determination of the hydrothermal equivalent, the 
experiment is continued after the electrical energy has been 
shut off. The records of the temperatures are then as in fig¬ 
ure 9 (where the three charts are combined and scales for 
wall temperature, gradient and cooling of air are on the left- 
hand side, that of the water difference on the right). The rise 
of temperature of the flowing water does not fall immediately 
to zero, since the water continues to receive heat from the cool¬ 
ing chamber. A tangent drawn to the curve of falling wall 
temperature at a point such as that of the dotted arrows gives 
the rate of fall of temperature in degrees per minute. The 
values of the temperatures on the other curves allow the 
number of Calories per minute given off to be calculated. Di¬ 
vision gives the hydrothermal equivalent. An example is given 
in table 1. The constancy of the results of the thirteen de¬ 
terminations given at the foot of the table is an indication of 
the accuracy of the heat measurement. Since in an ordinary 
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experiment the change of wall temperature is rarely more 
than 0.1° C., the item of the heat gain or loss of the glass 
chamber itself is known with considerable accuracy. The 
above method is considered much better than estimation of 
the hydrothermal equivalent from weight and specific heat 
of the chamber. 

Residual analysis. It is necessary to know what change 
has occurred during a period in the carbon dioxide, oxygen 
and water vapor contents of the chamber. To this end, at the 



beginning and end of each period, a sample of the circulating 
air is drawn off, passed through weighed absorbing U-tubes, 
and through a gas meter until 6 liters has passed, then back 
into the system. The temperature and pressure of the air 
in the chamber must also be known with accuracy, since a 
change of temperature of about 0.75° C. or a pressure of about 
2.0 mm. produces a change of 1 liter in volume (total volume is 
about 560 liters). The pressure is, of course, read from a 
barometer, the temperature is taken as the average of three 
temperatures,® that of the ingoing, of the outgoing air, and of 

8 As this paper goes to press an improvement in recording the fluctuations of 
temperature of the chamber air has been made by employing several electrical 
resistance air thermometers in series. 
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a thermometer (seen in fig. 6), entering the top of the 
chamber above the subject. 

Partition of the heat measured. Table 2 shows the relative 
magnitude of the various items that normally occur in the 


TABLE 1 

Calculation of hydrothermal equivalent 


Bate of fail of wall temperature 

Temperature difference of water 

Bate of flow of water 

Heat entering water 

Cooling of air 

Bate of flow of air 

Heat from air 

Gradient across insulation 

Heat into room 

Total heat from wall 


Hydrothermal equivalent 


0.0385 c C./min. 
0.530°C. 


1.478 kilos./min. 
0.7848 Cals./min. 
2.11°C. 


34 liters/min. 

0.0213 Cals./min. 

1.62 dive. 

0.0133 Cals./min. 

= 0.7848 + 0.0133 - 0.0213 
= 0.7768 Cals./min. 

0.7768 Cals./min. 

- --= 20.2 Cals./°C. 

0.0383 °C/.mm. 


Besults 22.1, 21.8, 22.3, 19.5, 23.0, 22.5, 22.1, 23.1, 21.9, 20.1, 23.5, 23.9, 20.2. 
Average H.T.E. 22.1 it 1.5 Cals./°C. 


TABLE 2 

Partition of heat measurement. Experiment July 1 19, S3 



PERIOD X 

PERIOD II 

1 . . ..- .. .... 

UNIT 

Weight of water flowing 

90.45 

92.20 

Kilos. 

Average rise of temperature 


0.707 

°c. 

Heat into water 

WEzmm 

65.2 

Cals. 

Average gradient 

BUB 

2.13 

Divs. 

Heat into room 

■ 

3.2 

Cals. 

Bise of temperature of wall 

0.162 

0.015 

°C. 

Heat into wall 

3.8 

0.35 

Cals. 

Average rise of temperature of air 

—1.97 

— 1.97 

°C. 

Heat into air 

—1.55 

—1.55 

Cals. 

Total heat by radiation and convection 

69.6 

67.2 

Cals. 

Water evaporated 

21.8 

24.0 

Gms. 

Heat by evaporation 

12.55 

23.8 

Cals. 

Bise of rectal temperature 

— 0.16 

— 0.05 

°C. 

Heat stored by body 

—•9.0 

— 2.8 

Cals. 

Total direct heat 

73.13 

78.2 

Cals. 

Indirect heat 

74.9 

78.7 

Cals. 
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total direct heat, of which some 80 per cent is usually in the 
flowing water. For the heat lost by evaporation, the figure 
0.580 Calories per gram of water evaporated is used. The 
latent heat of vaporization of water at 20° C. is 585.84 Calories; 
at 30° C. 580.04 Calories. The value of 586 Calories, correct 
for 20° C., has been used by some workers. The evaporation 
of water from the human skin takes place at a temperature 
certainly above 30° C., the average skin temperature being 
about 33 °C. The value 0.580 kilocalorie per gram of water 
evaporated is therefore used. The water collected in the acid 
bottles of the train may not truly represent the amount evapo¬ 
rated by the subject, since water may accumulate or be lost 
from the calorimeter walls or from the bed. It does accu¬ 
rately give, however, the heat removed from the calorimeter 
by evaporation for the calculation of the total heat received 
by the apparatus. There is, of course, a small correction due 
to cooling of the water vapor from the temperature of the 
skin to the temperature and relative humidity of the chamber. 

The question of which figure should be used in the calcu¬ 
lation, one of academic rather than practical interest, since the 
final differences are so small, is a complex one upon which we 
have encountered considerable difference of opinion. With¬ 
out doubt, if we confine ourselves to consideration of the heat 
lost from the body surface by evaporation, the figure for the 
latent heat appropriate to the average skin temperature 
should be used. The balance of the heat lost by the body is 
through radiation, convection and conduction, but the amount 
of this portion of the heat loss is not accurately equal to the 
heat received and recorded by the absorbing system of the 
calorimeter, since the latter includes a small item of heat given 
up by the water vapor cooling to the final state of tempera¬ 
ture and humidity in which it leaves the chamber. Thus in 
our partition of heat losses in table 2, the loss by evaporation 
is correct, but the loss by radiation and convection is slightly 
in error. (A calculation shows that the error in the case cited 
does not exceed 0.1 Calorie). Our total heat loss is also in 
error by the same amount, being the sum of an accurate parti- 
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tion to evaporation, and an inaccurate partition to radiation 
and convection. 

Other workers, who are perhaps more interested in the 
accuracy of the total than in its component parts, retain the 
inaccurate partition to the radiation and convection and bring 
the total to supposed accuracy by altering the evaporation 
component, using the latent heat appropriate to chamber 
temperature instead of skin temperature and a correction for 
the cooling of the water lost by the body from body tempera¬ 
ture to chamber temperature. Their total heat loss is then 
(supposedly) correct, but is composed of two components, 
neither of which can be accurately partitioned to evaporation 
or to radiation and convection. The total is not really accu¬ 
rate, since no account has been taken of the heat exchange in 
the expansion of the saturated vapor at chamber temperature 
to the relative humidity of the chamber—a not inconsiderable 
correction. Of the three quantities, the total heat loss and its 
two components, none can be calculated accurately without 
consideration of the relative humidity of the chamber. Our 
method has at least the virtue of giving one of the com¬ 
ponents, the loss of heat by evaporation from the skin, in an 
unequivocable way. 

The heat stored or lost by the body of the subject in chang¬ 
ing its average temperature may amount to a very large item, 
the uncertainty of our knowledge of which is discussed in the 
following paper. 

Alcohol checks. Proof of the absence of gas leaks and of 
the accuracy of the calorimeter is sought by the normal 
method of burning 94 per cent ethyl alcohol in the chamber at 
frequent intervals between human experiments. Two small 
flames fed by asbestos wicks in a glass Y-piece, were found to 
be much steadier than a single flame of the same capacity. 
The burner is connected by rubber tubing to a regulating 
apparatus fixed to the outside of the calorimeter box. By the 
opening or closing of two stopcocks the alcohol is siphoned 
alternately from one or the other of two bottles supported on 
blocks of wood. At the end of an hour’s period, by turning 
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the taps the supply is shifted to the other bottle, while the 
blocks beneath the first are removed so that it may be lowered, 
removed, weighed and replaced ready for a further period. 
In this way the weight of alcohol burned in the actual period 
of experiment may be directly found by weighing for a number 
of successive periods. The steadiness of the flames is ensured 
by keeping the level of alcohol constant by the insertion of 
thin cards under the bottles when needed. 

In table 3 the results of all alcohol check periods made 
during a space of more than a year are given. Those periods 
in which there was an obvious leak, shown by the very poor 
value of the R.Q., are the only ones omitted. The close agree¬ 
ment between the averages of the direct heat from the calori¬ 
metry and the indirect heat from the amount of oxygen con¬ 
sumed, amounting to 0.17 per cent, shows that the systematic 
error in the heat measurement is very small.® The average 
of the differences between direct and indirect heats in indi¬ 
vidual hour periods is 2.35 Calories, or 2.9 per cent, and, as 
the equality of the totals shows, is as likely to be positive as 
negative. This 2.9 per cent and not the 0.17 per cent, is the 
correct average instrumental error of the apparatus in com¬ 
paring direct and indirect heat. The average error in 
measurement of either direct or indirect heat alone must be 
less than this. 

It is interesting to find that the systematic error’ (per¬ 
centage difference between totals) is exactly the same in 
this series as was given by Gephart and DuBois (’15) for the 
first series on human subjects run with the Sage calorimeter. 
Coincidently also the first report of alcohol checks with the 
Sage calorimeter included nineteen periods (Riche and Soder- 
strom, ’15) as does the present report. The percentage errors 
found have not been calculated on quite the same basis in this 
report as in that of Riche and Soderstrom, but they are ob¬ 
viously very similar. For example, in the Sage calorimeter 

• I.e., there is no tendency to give regnlarly either too low or too high a value 
for either measurement. The mode of the difference lies at + 0.142 Calorie on 
the side of the direct heat. 
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the average total error for oxygen in the alcohol checks was 
—1.69 per cent; in the present series it is —1.4 per cent. The 
average individual error for the difference between theoretical 

TABLE 3 


Alcohol heat checks 


DATE 

ADCOHOtJSM 

L.O.g 

POUND 

n.o.j 

HEAT 

HEAT FOUND 

R.Q. 

CONSUMPTION 
IN GRAMS 

THEORY 

THEORY 

Direct 

Indirect 

1933 








May 4 





82.4 

81.4 

0.672 

May 9 

12.75 

18.12 

18.47 

88.7 

87.8 

89.6 

0.628 


10.88 

15.40 

15.55 

75.8 

73.0 

76.0 

0.722 

May 15 

8.47 

11.50 

10.93 

56.1 

56.8 

53.1 

0.687 

May 19 

11.48 

16.37 

15.67 

79.5 

80.0 

76.1 

0.674 


10.76 

15.40 

15.09 

76.2 

72.0 

73.3 

0.671 


10.30 

14.74 

14.73 

71.4 

71.6 

71.6 

0.653 

June 27 

15.17 

21.71 

20.80 

105.1 

101.8 

109.1 

0.677 


13.21 

18.90 

18.64 ! 

91,6 

86.5 

90.4 

0.650 

July 14 

13.31 

19.02 

18.44 

92.3 

88.2 

89.6 

0.662 


14.90 

21.34 

21.53 

103.2 

104.2 

104.2 

0.658 

1934 








January 5 

12.10 

17.30 

17.51 

83.9 

87.1 

84.9 

0.665 


13.06 

18.70 

18.70 

90.4 

89.9 

91.5 

0.654 

January 15 

11.32 

16.20 

15.48 

78.5 ! 

76.4 

75.1 

0.659 


11.31 

16.19 

14.96 

78.6 

77.1 

72.5 

0.670 

February 2 

10.29 

14.55 

14.52 

71.4 

73.0 

70.4 

0.659 


11.23 

15.88 

16.24 

77.9 

77.2 

78.8 

0.656 

May 25 

11.98 

16.23 

15.92 | 

78.6 

78.9 

77.2 

0.670 


12.10 

16.45 

16.65 

79.6 

79.0 

80.8 

0.665 


Averages 11.92 

16.89 16.66 

82.2 81.205 81.34 0.666 

Totals 

304.00 299.87 

1478.8 1542.9 1545.6 


\ / 

\ / \ / 

Difference 

Average of 

— 1.4% 

— 1.3% +0.17% 

individual differences 
Coefficient of 


± 2.25% ± 2.9% ± 1.95% 

variation 

<r X 100 



mean 

2.8% 3.6% 2.5% 


heat and ‘heat found’ (presumably direct heat is meant) in 
the alcohol checks for the Sage calorimeter was 2.51 per cent 
without regard to sign; in the present series the same error 
is 2.25 per cent. The Sage workers do not give the average 
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individual difference between direct and indirect heat, with 
which the error of 2.9 per cent given above could be compared. 
The average respiratory quotient is exactly theoretical, but 
the average difference or scatter between the individual 
measurement and theory is ± 1-95 per cent. 

Many investigators now prefer to see variations expressed 
as standard deviations from the mean and the coefficient of 
variation as a percentage which the standard deviation is of 
the mean. The latter are given also in table 3. These surely 
must be regarded as highly satisfactory. 

Accuracy in human calorimetry. With human subjects two 
additional sources of error arise. The first, which has been 
mentioned, is that the indirect heat can be calculated from the 
oxygen consumption only by assuming values for the Calories 
per liter of oxygen that are accurate for a limited group of 
reactions taking place in the body, namely, the oxidations of 
fat, protein and carbohydrate. The indirect heat may then be 
in error by an unknown amount, w r hich might conceivably be 
considerable in short periods. 

It is still true that the calorimeter measures heat with an 
average error of less than 2.9 per cent, but what is measured 
is the heat eliminated from the subject. This is not, as it is 
with an alcohol flame, equal necessarily to the heat produced 
in the same period, as considerable amounts of heat may be 
stored or lost by rise or fall of body temperature. The body 
temperature can only be measured at a limited number of 
points (in the past one only, the rectal temperature has been 
used) and thus this item of the heat exchange has a large 
possible error. The result is that the average difference be¬ 
tween direct and indirect heat in hourly periods is, with human 
subjects, of the order of 7 or 8 per cent when the rectal 
temperature alone is used. By using the surface tempera¬ 
tures also, in the manner explained in the following paper, 
the average error has been reduced to 5| per cent. 

The increased error cannot, however, fairly be considered 
as characteristic of the respiration calorimeter, the function 
of which is to measure the respiratory exchange and the heat 
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given off by a subject. Each of these types of measurement 
it makes with an average error not greater than 2.9 per cent. 

SUMMARY 

A respiration calorimeter is described in which the measure¬ 
ment of direct heat has many automatic features. The respi¬ 
ration chamber is a cylinder of Pyrex glass through which 
air circulates in a closed circuit including two interchangeable 
Benedict trains of absorbers. Oxygen is admitted automati¬ 
cally as it is consumed and is measured on a wet test meter. 
Cold water, brought initially to a constant temperature, passes 
through a grid of pyrex tubes to carry away most of the heat. 
The temperatures of inflowing and outflowing water and air, 
and the temperature of the glass wall are electrically meas¬ 
ured and automatically recorded every minute. Water flow 
and air flow are recorded by meters of special design. 

The calorimeter is not adiabatic, the escape of heat through 
the insulation around the walls being measured by the thermal 
gradient set up across it, which is electrically recorded by re¬ 
sistance thermometers. Calibration with electrical input of 
heat gives the heat flow for a given gradient and also the hy¬ 
drothermal equivalent (22.1 Calories per degree). 

In a series of alcohol checks, the totals of direct and indirect 
heats differ by 0.17 per cent, while the average difference in 
individual hour periods is 2.9 per cent. In human calorimetry, 
the average difference is more, but by the use of rectal and 
surface temperatures measured by resistance thermometers, 
it has been brought to 5.5 per cent. 
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It lias been generally tacitly assumed that the average 
temperature of all the tissues of the human body is very close 
to the 37 °C. or thereabouts, registered by a rectal or an oral 
thermometer. It is known, however, that the surface of the 
body is at a temperature considerably lower than this. In 
normal surroundings, say at 25°C,, the average temperature 
for the whole skin surface of a lightly clothed man will be 
in the neighborhood of 33°C., the average being a mean of 
widely different temperatures at different parts of the body 
surface. At the feet the temperature may be as low as 27°C., 
wiiile on the abdomen it may approach 35 or 36°C. The tem¬ 
perature, of course, rises as we advance from the skin to the 
interior. The experiments of Bazett and McGlone (’27) 
showed that in the forearm and thigh, the constant internal 
temperature w 7 as not reached until a depth of about 2.5 cm. 
was reached. Those of Benedict and Slack (’10), on the 
temperatures at different depths in the rectum and vagina, 
showed that constancy was not reached until a depth of 5 to 
7 cm. In the view 7 of these facts, the assumption that the 
average temperature is close to 37°C. cannot be made with¬ 
out investigation. 

In direct calorimetry the knowledge of the true average 
temperature of the body is of great importance. A calorimeter 

1 This work has been aided by a grant from the Rockefeller Foundation. 
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measures the heat eliminated from the body, and if from 
this the heat production in the same period is to be inferred, 
the heat stored or lost by the body in changing its average 
temperature must be known. How large this item in the 
heat balance may be, and how great is the uncertainty in its 
calculation has been fully recognized by workers in calorime¬ 
try. It is discussed by Benedict and Carpenter (10). It may 
be pointed out that in the case of a 70 kg., man, a rise of 
0.2°C. in body temperature, not uncommonly occurring in the 
space of an hour, corresponds to a storage of nearly 12 kilo¬ 
calories of heat in the body. This would amount to about 
15 per cent of the normal basal heat production of the man 
in that period, and there might be a 15 per cent difference 
between direct and indirect heats. It was recognized by these 
authors that a research was very necessary on the topographi¬ 
cal distribution of temperature in the body and its fluctuations, 
and that until it was made, it had to be assumed that fluctua¬ 
tions in body temperature as measured by a rectal thermome¬ 
ter are a true measure of those of the true average tempera¬ 
ture of the whole body. 

Benedict and Slack (’ll) made simultaneous measurements 
of the temperatures in the rectum, the vagina, and in natural 
and artificial cavities, such as the axilla, the groin, and be¬ 
tween the closed hands. They found a fairly close parallelism 
between the fluctuations of the temperatures of these points 
and concluded that “aside from the skin temperature, a rise or 
fall in rectal temperature is accompanied by a correspond¬ 
ing rise or fall in temperature of all other parts of the body.” 
The use of the rectal temperature alone therefore appeared 
justified. 

There is strong evidence, however, that grave errors exist 
in making the calculation of heat storage or loss from the 
rectal temperature alone. Thus it is claimed that the respira¬ 
tion calorimeter at the Russell Sage Institute of Pathology 
measures oxygen consumption and heat with an average error 
of 1.6 per cent and 0.9 per cent, respectively (Riche and Soder- 
strom, ’15). Yet with normal subjects, all that could be said 
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was that “of a total of 28 periods in 17 the difference between 
direct and indirect heats was less than 5 per cent and only 
6 showed more than 10 per cent difference.” In the case of 
our own calorimeter in Rochester, the difference between direct 
and indirect heats in alcohol checks is on the average 2.9 per 
cent, while with human subjects, using rectal temperature 
alone for calculation, the average discrepancy is about 8 per 
cent, and cases occur where it is as much as 20 per cent. 
There is also the fact that changes in rectal temperature occur 
often which are so rapid that it is not conceivable that cor¬ 
responding changes could have occurred in the whole body, 
the extra heat generation necessary for such a total body 
temperature rise being too great. Also it is well known that 
in typhoid and malarial fevers the rectal temperature may 
fall, while the surface temperature rises and vice versa. In 
the same series of papers, Gephart and DuBois (’15) made 
an attempt to use the surface temperatures measured at three 
or four points on the surface to improve the agreement, but 
with little success. 

With the respiration calorimeter now in operation at 
Rochester, New York (Murlin and Burton, ’35), data on a 
series of 1 hour calorimetry periods are available, in which 
in addition to the rectal temperature average temperatures of 
large areas of the surface of the body have been recorded 
by the method of resistance thermometry described by Burton 
(’34 a). These make possible a statistical examination of the 
possibility of using the surface temperatures as well as rectal 
temperature in calculating the average temperature of the 
body. 

Theoretical considerations. The temperatures that Benedict 
and Slack excluded from their generalization, namely, the 
skin temperature, are in all probability of much greater signifi¬ 
cance than those they selected in estimating the average tem¬ 
perature of the body. The location of their thermometers was 
such that, naturally or artifically, the outflow of heat from 
these points was greatly reduced. In these circumstances, the 
temperature must approach that of the interior of the body, 
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as shown by the fact that all of their recorded temperatures 
lay above 36°C. What their results demonstrate is that the 
rectal temperature gives a reliable estimate of the tempera¬ 
ture of the deep tissues of the body. 

The magnitude of that portion of the body that lies within 
2.5 cm. of the surface, the distance to which the gradient 
certainly extends, is surprisingly high, as a simple geometrical 
calculation shows. Suppose that the limbs, as the lower legs, 
are treated as truncated cones of mean diameter D cm. and 
of uniform density. The percentage of the volume that lies 
within 2.5 cm. of the surface is then given by the formula— 


100 (1 — 


(D-5)» 


D» 


In table 1 the calculation has been made from measurements 
on the author. The second column gives the mean diameter, 


TABLE 1 


Calculation of proportion of body affected by surface temperature 


1 

PAST ] 

MILAN 

D1AMKTRE, 

CM. 

PER CENT PART 
NEAR, SURFACE 

PART AS PER CENT 
OF WHOLE 

PER CENT OF WHOUE 
NEAR SURFACE 

Feet 

• • • • 

80.0 

3.6 

2.9 

Lower legs 

9.3 

78.5 

30.5 

8.3 

Upper legs 

14.4 

57.6 

23.2 

13.3 

Trunk 

26.3 

34.5 

42.7 

14.7 

Upper arm 8 

8.9 

81.0 

6.7 

5.4 

Lower arms j 

7.3 

90.0 

4.6 

4.1 

Hands j 

.... 

80.0 

1.7 

1.4 

Head , 

18.0 

62.0 

7.0 

4.3 


Total 

percentage of body near surface | 

54.4 


the third column the percentage of the part of the body that 
is within 2.5 cm. of the surface. The head is treated as a 
sphere, for which the formula is— 


100 (1 


(D-5)* 
D* ' 


The next column gives, from the figures of Braune and Fischer 
(1889), the weight, or volume, of the limb as a percentage of 
the whole body. The last column is the result of multiplying 
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together the third and fourth columns and gives the percent¬ 
age which that peripheral tissue forms of the whole body. 
The total of the last column states the surprising fact that 
54.4 per cent of the body of the author is within 2.5 cm. of 
the surface. The calculation has little significance except to 
emphasize the fact that a very large proportion of the whole 
body is at a temperature considerably lower than the internal 
temperature. For a small subject a similar calculation gave 
58 per cent, for obese subjects it might be less than 50 per cent. 
Obviously, the temperature of the surface must be given con¬ 
siderable weight in calculating the average temperature of 
the whole body. 

The manner in which the internal and the surface tempera¬ 
tures are to be weighted in finding the average temperature 
of these peripheral tissues depends upon the nature of the 
thermal gradients existing in them. The work of both Bazett 
and McGlone (’27) and of Benedict and Slack (’ll) shows 
that the distribution of temperature is not linear, but in 
general parabolic, the gradient being steeper near the surface, 
a form of distribution that agrees with theoretical predictions 
for a cylinder in which heat is being uniformly generated 
(Burton, ’34 b). Simple cases may be taken assuming dif¬ 
ferent temperature distributions, to illustrate how the average 
temperature T A depends on the internal temperature T, and 
surface temperature T„. a) For a plane slab with linear dis¬ 
tribution of temperature, of course— 

T a = .5T, + .5T. 

b) For a cylinder with linear distribution of temperature 
(a case not physically possible)— 

T A = .33T, + .67T. 

c) For a cylinder in which the distribution of temperature 
is parabolic throughout— 

T a = .5 T.+.5T. 

Once more the average is the arithmetic mean of the in¬ 
ternal and external temperature. This is evidently the best 
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way to calculate the average temperature of the limbs, being 
theoretically sound as well as the simplest possible. For the 
trunk, however, this method of averaging might be thought 
to give undue weight to the surface temperature, since here 
there is a large proportion (65 per cent or so) that lies more 
than an inch from the surface. We might assume that the 
gradient extends to a depth of 1 inch and that inside there 
is uniform temperature. This distribution could arise only if 
in the inner region there were very effective transfer of heat, 
or if within it there was a relatively small amount of heat 
generated. The first of these conditions is probably true, the 
second is hardly correct, since the visceral organs are large 
generators of heat. It is more likely that a parabolic dis¬ 
tribution holds to greater depths than 1 inch. The tempera¬ 
ture of the stomach is known to be slightly higher ( 0 . 1 °C.) 
than that of the rectum (Rancken and Tigerstedt, ’08). 

A calculation has been made to find the formula for the 
average temperature, assuming that the distribution is para¬ 
bolic up to a depth of 2 inches from the surface, and uniform 
at the temperature T ( inside. The result is— 

T 4 = .8 T, + .2 T.; 

using 1 inch as the critical depth, it would be .89 T, plus .11 T„; 
using 3 inch, .71 T, plus .29 T g . The figures .8 T( plus .2 T a 
are used for the trunk in the next calculation, which consists 
in taking the formula for the average temperature of each 
part of the body, assuming in each case that the internal tem¬ 
perature is the rectal temperature T K , and multiplying by 
the fraction that the part forms of the weight of the whole 
body to get the contribution of that part to the final formula. 
Addition of the contributions for all the parts gives a final 
formula involving all the temperatures, 1 \, T 2 , T 3 etc., 
measured, of the form: 

T a = A, T, + A, T a + A, T, f . . . . 

Table 2 gives, in the second column, the calculated values of 
the coefficients A u A 2 , appropriate to the temperatures 
measured at the various places listed in the first column. If 
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it is not possible or desirable to measure temperatures at all 
the places mentioned, the formula may be simplified for use 
with a smaller number of temperature measurements. For 
instance, the surface temperature of the upper arm may be 
assumed to be the mean of those of the lower arm and of the 
trunk. Its coefficient (0.033) is then divided equally between 
the coefficients for the trunk and for the lower arm, as shown 
by the arrows in the table. (Mathematically, if, in the formula 
T 2 is put equal to there results: 

T* = (A, + i A,) T, + (A, + i A 8 ) T, +-) 


TABLE 2 


POSITION WHERE 
TEMPERATURE IS 
MEASURED 


Rectal temperature 
Oral temperature 
Surface of lower leg 

Surface of upper leg 
Surface of trunk 


Surface of head 
Surface of upper arm 
Surface of lower arm 


COEFFICIENT 
IN FORMULA 


.59 

.05 

.07 

.12 

.09 

.02 

.03 

.03 


REPARTITION OF 
COEFFICIENTS 

COEFFICIENT 
IN SIMPLIED 
FORMULA 


<© 


-— 

.13 


.18 


< 

0 

i 



TEMPERATURES 
USED IN 
SIMPLIFIED 
FORMULA 


Rectal 

Surface of 
lower leg 

Surface of 
trunk 


Surface of 
lower arm 


The simplified formula in the third column applies when the 
surface temperatures on the trunk, on the lower leg, and on 
the lower arm are used. It may be recast into the form— 

T* - .64 T tt + .36 T g 

where T„ is an average surface temperature given by— 

T. = .50 T, 4- .36 T, + .14 T, 

where Tj equals average temperature on surface of trunk; 
T.j equals average temperature on lower leg; T 3 equals aver¬ 
age temperature on lower arm. It is seen that the rectal tem¬ 
perature carries 64 per cent of the average. 
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This calculation may appear to be based upon so many as¬ 
sumptions that it can command little confidence, but it is found 
that quite considerable changes may be made in those as¬ 
sumptions without changing greatly the resulting formula. It 
is remarkable that this theoretical formula, which was calcu¬ 
lated before any experimental verification had been made, so 
nearly approximates to the one found purely by experiment. 
It suggests that the human body may be more a fit subject 
for mathematical equations than has been realized. 

Experimental determination. The material for the experi¬ 
mental determination of the formula for ‘mixing’ the rectal 
and surface temperatures was provided by a series of experi¬ 
ments in the respiration calorimeter upon nine subjects, seven 
of them male, two female, providing the necessary data of 
forty 1-hour periods. In nineteen of these periods the sub¬ 
jects were in the basal state, the rest of the periods followed 
2 and 3 hours after the ingestion of a carbohydrate or a meat 
meal. The details of the experiments and the bearing of the 
results on the effect of ingestion of food are discussed in 
another paper (Burton and Murlin, ’35). The data are thus 
of a character taken under conditions so diverse that the 
resulting conclusion as to the average temperature of the 
body has an ‘omnibus’ value, and is applicable to calorimetry 
in general. A result of general application was desired rather 
than one, perhaps of more accuracy, but applying only to a 
given subject under a given set of conditions. 

Given a sufficient number of determinations by the respira¬ 
tion calorimeter of the heat stored or lost by the body in hour 
periods, and of the changes in rectal temperature and in sur¬ 
face temperature occurring in the same periods, it is obviously 
possible to determine experimentally the best coefficient for 
the rectal and surface temperatures. Assume that the formula 
is of the type— 

T a = aT K + bT« 

The consideration that if the rectal temperature and the sur¬ 
face temperature each rise by, say 1°C., the average tempera¬ 
ture must also rise by 1°C., leads to the conclusion a plus b 
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equals 1 ; or b equals (1 — a). The equation then can be 
written: 

T A = aT B + (1 —a) T,. 

If in any period the changes in the rectal, surface and average 
temperatures are— 


then— 


A Tn) A T b and A 
AT A = aAT R + (l-a)AT, 


The change in the average temperature, AT a , is found by 
dividing the quantity of heat stored or lost by the body in 
the period, equal to the difference between indirect and direct 
heats, by the thermal capacity of the body. The latter is 
assumed to be the product of the weight and an average specific 
heat, taken as 0.83 by general custom, i.e., 

_ _ Indirect heat—Direct heat 
^ Weight X 0.83 

The problem is then to find the value of the coefficient ‘a’ 
which statistically makes the equation most nearly true for 
the greatest number of cases. The value A T s is calculated 
from the three surface temperatures measured, namely, that 
over the trunk, over the lower leg, and over the forearm, by 
the formula: T s equals .50 T, plus .36 T 2 plus .14 T 3 , which 
weights the respective temperatures according to the mass of 
tissue beneath them. (Weighting the temperatures accord¬ 
ing to area would give relatively more weight to the leg and 
forearm.) 

From the results of any given period, the value of ‘a’ best 
fitted to that set of values can be found from the relation— 


AT* —AT, 
A T tt — AT, 


It might be thought that this ratio should be calculated for 
each period and the resulting values of ‘a’ averaged. This, 
however, would give undue weight to those determinations 
that are least able to give a reliable value of the coefficient. 
For suppose that in a period, the change in rectal and in 
surface temperatures, though both considerable, are equal. 
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Then, no matter how the two are weighted in the average 
(i.e., no matter what the value of ‘a’ chosen), the resulting 
change in average temperature is the same quantity. Such an 
experiment can give no information as to the value of the 
‘mixing coefficient’ ‘a.’ Mathematically, the same thing is 
stated when we observe that if the denominator (T R — T s ) is 
a small quantity, very slight changes in its value, perhaps 
due to the errors of measurement of the temperatures, produce 
very large differences in the value of ‘a.’ The theory of least 
squares indicates that the best value of ‘a’ is obtained by the 
formula— 

XXY 

a =v Y . 

where X equals (T A — T s ) and Y equals (T R — T s ). In the 
sums here, those experiments in which the quantity Y is small 
are automatically given the least weight. 

Since the quantity A T A obtained from the difference between 
indirect and direct calorimetry, is subject to the errors of the 
respiration calorimeter, the problem is essentially soluble only 
statistically. It was therefore imperative, as in all statistical 
work, that all results obtained should be included unless there 
were reasons for rejection other than that the values of the 
coefficient ‘a’ appeared to diverge from the average. Such 
valid reasons were considered to be wildly improbable values 
of the R.Q., indicating that the oxygen consumption might be 
incorrectly measured, or obviously incorrect temperature 
measurements which fluctuated abnormally. In the whole 
series, only one set of three periods on one subject has been 
rejected for such reasons. In table 3 the results of the forty 
periods are tabulated. The last three columns record the 
progress of the sums X Y 2 and ZXY and of the statistically 
most suitably value of the coefficient ‘a.’ Several cases will 
be seen in the table where no possible positive value of the 
coefficient would make the observed change of average tem¬ 
perature derivable from the change in rectal and in surface 
temperatures. Yet when the method of taking the average is 
used, these periods prove to have little effect upon the final 
value for the coefficient. 



TABLE 3 


DATB 

1934 

THERMAL 

CAPACITY 

OF 

SUBJECT. 
CALS./ 0 0. 

AH = IN¬ 
DIRECT 
HEAT— 
DIRECT 
HEAT 

at a 

< 

at 8 

Y 

X 

SY* 

2XY 

a 

4-16 

71.9 

— 2.79 

— .039 

—.11 

+ .30 

— .41 

— .34 

.168 

.139 

.83 


71.9 

— 1.09 

— .015 

— .03 

+ .097 

— .127 

— .112 

.184 

.153 

.83 

5-2 

46.5 

— 1.36 

— .030 

+ .08 

+ .081 

.00 

+ .051 

.184 

.153 

.83 


46.5 

— 3.87 

— .085 

— .01 

— .086 

+ .076 

+ .001 

.189 

.153 

.81 


46.5 

+ 2.94 

+ .063 

+ .09 

+ .411 

— .321 

— .348 

.292 

.265 

.91 


46.5 

— 2.10 

— .045 

— .005 

— .292 

+ .287 

+ .247 

.375 

.336 

.90 

5-7 

46.5 

— 3.78 

— .081 

+ .14 

— .413 

+ .553 

+ .332 

.678 

.519 

.77 


46.5 

— 4.84 

— .104 

— .01 

+ .268 

— .272 

— .372 

.750 

.622 

.83 


46.5 

+ 13.00 

+ .280 

+ .09 

+ .045 

+ .045 

+ .235 

.752 

.638 

.85 


46.5 

— 3.04 

— .065 

— .13 

— .093 

— .037 

+ .028 

.753 

.637 

.85 

5 -n 

53.5 

— 6.79 

— .132 

— .06 

— .172 

+ .112 

+ .040 

.766 

.641 

.84 


51.5 

— 5.45 

— .106 

— .04 

— .180 

+ .140 

+ .074 

.786 

.651 

.83 


51.5 

+ 3.58 

+ .070 

— .03 

+ .380 

— .410 

— .310 

.954 

.778 

.82 


51.5 

+ 0.52 

+ .010 

+ .06 

+ .149 

— .089 

— .139 

.962 

.790 

.82 

5-16 

64.8 

— 10.99 

— .3 70 

— .08 

-.31 

+ .23 

+ .14 

1.015 

.822 

.81 


64.8 

+ 11.96 

+ .184 

+ .04 

+ .65 

— .61 

— .466 

1.387 

1.106 

.80 


64.8 

+ 6.43 

+ .099 

-.04 

— .03 

— .01 

+ .13 

1.387 

1.105 

.80 

5-23 

51.2 

— 10.65 

— .242 

— .08 

— .370 

+ .290 

+ .128 

1.471 

1.142 

! .78 


53.2 

— 5.73 

— .132 

-.115 

— .257 

+ .142 

| + .145 | 

1.491 

1.162 

i .78 


51.2 

— 9.50 

— .185 

— .06 

— .130 ' 

+ .070 

j — .055 

1.496 ! 

1.158 

j .78 

i 

: 5 i .2 

+ 0.76 

+ .015 

— .05 

+ .025 

— .075 

! — .040 

| 1.502 

1.161 

; .77 


51.2 

— 7.12 

— .139 

+ .02 

— .164 

+ .144 

+ .025 

! 1.523 

! 

! 1.165 

.77 

6-32 1 

60.2 

— 6.93 

— .115 

! + .04 

_ oyo 

+ .232 

! + .157 1 

! 1.577 

| 1.201 

.76 

i 

I 60.2 

+ 3.45 

+ .057 

+ .01 

+ .004 

+ .006 

+ .053 

1.577 

j 1.201 

: .76 


60.2 

— 3.83 

— .064 

; + .02 

+ .020 

| + .000 

— .084 

1.577 

1.201 

j 

; .76 

5-38 

45.2 

— 12.15 

— .269 

1 

— .06 

_ 221 

1 + .161 

— .048 

1.603 

J 1.193 

' .75 


45.2 

! — 13.00 

— .288 

1 + *02 

— .623 

: + .643 

+ .335 

2.015 

I 1.408 

' .70 

i 

45.2 

— 0.58 

— .033 

— .05 

+ .267 

' — .317 

— .280 

j 2.115 

1 1.497 

! .71 

i 

45.2 

+ 2.98 

+ .066 

1 + .02 

— .245 

| + .265 

i 

+ .311 

| 2.185 

j 1.579 

1 .72 

6-35 

65.3 

— 5.41 

— .083 

i — .01 

— .083 

+ .073 

.000 

1 2.190 

I 1.579 

I 

i -72 


; 65.3 

+ 3.74 

I + .057 

! + .08 

+ .163 

— .083 

— .106 

j 2.197 

! 1.588 

i -72 


1 65.3 

1.76 

j — .027 

j + .055 

+ .139 

— .084 

— .166 

| 2.204 

i 

j 1.601 

| .73 

6-21 

63.0 

— 14.90 

— .237 ! — .065 

! — .159 

+ .094 

— .078 

2.212 

1.593 

! -72 


63.0 

— 7.09 

— .113 

: — .005 

; — .105 

+ .100 

; — .108 

2,222 

1.582 

! - 71 


63.0 

+ 0.90 

+ .014 ! + .045 

— .009 

! 4* .054 

! + .023 

2.225 

1.583 

1 .72 


63.0 

— 1.79 

— .028 

I + .075 

; + .004 

+ .071 

— .032 

2.230 

1.581 

: .71 

6-28 

55.8 

— 5.41 

— .097 : — .085 

— .338 

! + .053 

+ .041 

2.233 

1.583 

; .71 


55.8 

— 5.32 

— .096 

! + .045 

— .046 

+ .091 

— .050 

2.241 

1.575 

, -70 


55.8 

+ 2.17 

+ .039 

! + .090 

; — .065 

+ .155 

+ .104 

2.265 

1.591 

' .70 


55.8 

t— 6.30 

— . 118 !+ .005 

! — .196 

+ .201 

+ .078 

2.306 

1.607 

1 .70 
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It remains to make use of the formula thus derived, 
namely— 

4T a = .70 AT r + .30 A T 8 

to calculate the change of average temperature from the 
change in rectal and in surface temperatures, and, using this 
value to calculate the heat storage or loss by the body, to 
see how much deviation there is then between direct and in¬ 
direct heats. Using the rectal temperature alone the average 
discrepancy in the forty periods was 7.48 per cent, using the 
surface temperatures also, with 0.70 as the coefficient ‘a,’ this 
is reduced to an average discrepancy of 5.47 per cent. The 




Figures 1 and 2 


number of periods in which the discrepancy was more than 
10 per cent is reduced from 10 to 4 and the number where it is 
less than 6 per cent increased from 16 to 25. There is no 
doubt that by the use of the surface, temperatures a great gain 
in the accuracy of calculating the change in average tempera¬ 
ture has been made. 

In order to see how critical was the choice of the coefficient, 
the calculation of the average discrepancy has been made 
using other values for the coefficient, ranging from the value 
1.0 (meaning that rectal temperature alone is used) to 0.2. 
The result is shown graphically in figure 1. Any value of the 
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coefficient between 0.6 and 0.75 gives the improved accuracy. 
It seems likely that for any one individual the curve would 
have a steeper fall to a minimum, the choice of the coefficient 
being more critical. The best value would not be the same, 
however, for different individuals, for the thin and the obese 
subject, for instance. The result is that for a large group 
of subjects the best value is not fixed within very narrow 
limits. It appears that the value of 0.65 for the coefficient is 
the best for this group, the gain being even more marked in 
the reduction of the number of large errors than in the average 
error. The value deduced theoretically was 0.64. 

The curve also shows that the rectal temperature is the best 
single temperature for the calculation, the use of the surface 
temperatures alone leading to a very large error. 

Correlation between rectal and surface temperatures. In 
fifteen cases out of the forty in table 3 the changes in rectal 
and in surface temperatures occur in opposite directions. This 
suggests that the correlation between the two is not very 
great, a conclusion which is borne out by the graph, figure 2, 
which includes the results of fifty-three hour periods. For 
small changes of temperature there is quite a large probability 
that the changes may occur in opposite directions, giving 
points in the diagram lying in the ‘N.W.’ and ‘S.E.’ quadrants. 
For larger changes of temperature there appears to be greater 
correlation, roughly to the relation— 

A t„ — 4. A T s 

The total of all the changes in rectal temperature (without 
regard to sign) is 4.245°C., while the total of the changes 
in surface temperature that simultaneously occurred is 
16.035°C. The changes in surface temperature were then on 
the average 3.8 times as great as the changes of rectal tem¬ 
perature. In the equation for the average temperature— 

AT t = .65 A T„ = .35 A T„ 

if A T s is 3.8 times as great as A T R , the term in the average 
arising from the surface temperatures is (since equals 
2.0), more important than the term from the rectal tempera- 
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ture. Hence, although the rectal temperature has the larger 
coefficient in the average, the measurement of the surface tem¬ 
perature is of more importance . 

This degree of correlation also suggests that if one tem¬ 
perature alone is to be used, either the rectal or the surface 
temperatures, better agreement might be obtained by sub¬ 
stituting in the equation from the correlation equation: A T s 
equals 3.8 A T B . For instance, using the rectal temperature 
alone, the equation becomes— 

AT, = .65 A T„ + .35 X 3.8 AT,= 1.9 A T„. 

instead of the usual employed relation, A T A equals A T B . For 
the whole group, this gives no better average error than using 
the rectal temperature itself, due to the lack of correlation 
when the changes are small. The device would obviously be 
of use only if the rectal temperature changes by more than 
0.2°C., no case of which is available for which the direct and 
indirect heat is simultaneously known. If the surface tem¬ 
perature alone were used the formula would be— 

AT, = gg A T s + -35 A Tg == .61 A Tg. 

The errors have been calculated using .6 X A T s alone. The 
resultant average error is 6.72 per cent, with eleven periods 
having the error greater than 10 per cent and twenty-two with 
errors less than 6 per cent. This is as good as, if not better 
than, the result of using the rectal temperature alone. This 
might conceivably not be true for a larger group of periods, but 
it is evident that the surface temperature changes may be made 
to give as good an indication of the changes in average body 
temperature as the rectal temperature changes. 

The average temperature of the body tissues. Having found 
the value of the coefficient ‘a,’ the same figure can be used 
to find the absolute value of the true average temperature of 
the whole body. Taking a case of a subject in basal condition, 
with the following temperatures: 

Rectal temperature, T R = 36.95 °C\ 

Average surface temperature on trunk, T, = 35.05°C. 

on lower leg* T 2 = 29.60°C. 
on lower arm, T 3 = 28.40°C. 
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we find the average surface temperature T s equals 31.66° C. 
and the average temperature for the whole body, T A , equals 
35.10° C. In this case the average for the whole body is 
1.85°C. below the rectal temperature. This must obviously be 
taken into consideration when the relation between body tem¬ 
perature and metabolism is being studied. 

It has been pointed out (Nasset, ’32) that in the curve given 
by DuBois (’21) for the increase of the metabolism of febrile 
patients with rise of rectal temperature between 37° and 40° C., 
the quantity Q 10 , calculated by the well-known formula— 


logQ M = 

*1-I a 


X 10. 


is greater for the smaller rises of temperature, say 37° to 
38°, than for the larger range, say 37° to 40°. It has been 
shown by the author (Burton, ’34 b) and by many others that 
in fever the surface temperatures rise a great deal more than 
the rectal temperature, and, indeed, reach values very close 
to that temperature. This is the consequence of the increased 
general and peripheral circulation. At the higher rectal tem¬ 
peratures, then, the average temperature for the whole body, 
which was from 1 to 2° below the rectal temperature in the 
basal, afebrile, condition, is now more closely equal to the 
rectal temperature. The true rise of average temperature is 
greater than the rise of rectal temperature, so that the Q 10 
calculated from rectal temperature alone is greater than the 
true Qi„. It is obvious that the error will be of greater 
magnitude for the smaller changes of rectal temperature, 
since the surface temperature soon approximates to and never 
exceeds the rectal temperature. It may well be that measure¬ 
ments of surface temperature in fever and the use of the 
formula deduced for the average temperature would show 
that the metabolism followed the Arrhenius equation more 
closely than has appeared. 

Measurement of the rectal temperature alone is still less 
adequate in experiments where the body temperature is raised 
by high frequency currents, by hot water or hot air baths, 
for here the surface temperature may actually rise above the 
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rectal temperature. A series of experiments was made in 
this laboratory in which it was attempted to raise the body 
temperature of normal subjects in basal condition by high 
frequency currents, applied by electrodes to the sole of each 
foot. Skin temperatures were simultaneously taken. It was 
not found possible to raise the rectal temperature by more 
than 0.7 or 0.8°C. before copious sweating and discomfort 


TABLE 4 

Diathermy experiment February £7, 1934 


— 


1 SURFACE TEMPERATURE 

8 c. 




RECTAL 
TEMPERATURE, 





AVERAGE BODY 


NO. 


Lower 

leg 

Lower 

arm 


TEMPERATURE, 

; CALS./HR. 

° 0 . 

Trunk 

Average 

°C. 

r 

36.75 

” 34.86 

32.68 

32.80 

33.79 

35.71 

63.03 

2 

37.32 

37.32 

33.63 

36.92 

35.52 

36.69 

67.48 

3 

37.49 

33.58 

37.48 

33.12 

34.92 

36.59 

67.42 

4 

37.20 

32.63 

33.63 

32.18 | 

32.93 

35.71 

59.65 



Figure 3 

of the subject intervened. Before this occurred, however, the 
temperature of the surface of the body rose by vastly greater 
amounts, that of the leg becoming in some cases greater than 
rectal temperature and that of the trunk and arms approach¬ 
ing it. The metabolism was taken in ten minute periods by the 
Tissot-IIaldane method. An example is given in table 4, and 
shown graphically in figure 3. In periods 1 and 2 the body 
temperature was rising, in 3 and 4, the current had been 
turned off and sweating had cooled the surface greatly, though 
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the rectal temperature had fallen only slightly. It will be 
seen that the metabolism shows little correlation with the 
rectal temperature, but much more with the calculated average 
temperature. How much the Q 10 may be modified is shown 
by the fact that for points 1 and 2, using rectal temperature 
alone, Q ]0 is 3.3; using the average temperature, its value is 
2.0. It is probable that many of the contradictory results in 
this field are due to the inadequacy of the rectal temperature 
to represent the true average temperature of the active tissues. 

The specific heat of the human body. In the calculations, the 
value 0.83 for the average specific heat of the body has been 
assumed. This figure is the result of averaging the specific 
heats that have been found, in vitro, for various tissues, 
weights being given in the average according to the amount 
of such tissues in the body. The specific heats of tissue vary 
from 0.70 for fat to nearly unity for blood. A list is given 
with references, by Pembrey (1898). The specific heat has 
never been determined experimentally for a whole living man. 
It must obviously differ in different individuals according to 
the amount of subcutaneous fat. It is evident that no deter¬ 
mination can be made until the calculation of the true average 
temperature can be made with certainty, and for this we have 
assumed the value of the specific heat. Making no assumption, 
but leaving it as ‘s,’ we have— 

. ™ ah 

AT ‘ = w. g 
and 

ATT 1 

; U X;-a^ + (l-a)iT„ 

Given a large series of data of simultaneous values of the 
temperature changes A T It , A T a and it is possible by the 
methods of statistics to find the best values not only of the 
coefficient ‘a,’ but of the specific heat ‘s’ also. The problem 
is geometrically that of drawing the best plane through a set 
of points in three dimensions, as the problems ordinarily en¬ 
countered are of drawing the best line through a set of points 
in two dimensions. The computation is laborious and the forty 
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periods here available are not sufficient to make it worth while. 
An alternative method is the well known one of ‘successive 
approximation. ’ Having assumed the value of one of the un¬ 
knowns, as we did that of the specific heat ‘s,’ it is used to 
find the best value of the other unknown, in this case of the 
coefficient ‘a.’ The process is then reversed; using the value 
of ‘a’ then determined, the best value of ‘s’ is found. If this 
value differs greatly from the value originally assumed, the 
process has to be repeated until an unchanging result is 
reached. Using the value 0.65 for the coefficient ‘a,’ the calcu¬ 
lation of the errors has been made using values of the specific 
heat from 0.6 to 1.0. The perhaps surprising result is that 
for this group of experiments, the choice of the value of the 
specific heat used in the calculations is not at all critical. The 
figures for the average errors are: 

b — 1 . 0 , 5.87 per cent , s = 0 . 90 , 5.55 per cent , 

s = 0 . 83 , 5.52 per cent , s = 0 . 70 , 5.56 per cent and 
s sb 0 . 60 , 5.59 per cent . 

The figure 0.83 gives only slightly better results than the other 
values within quite wide limits. From the data it is not pos¬ 
sible to determine the average value of the specific heat, ex¬ 
cept that it lies within the wide limits of 0.7 to 0.9. Rough 
though this determination is, it is yet the first experimental 
determination of the specific heat of the living human body. 
It is evident that, without the measurement and use of sur¬ 
face temperatures, no such determination even of this degree 
of accuracy, would be possible. 

SUMMARY 

The temperature of the surface of the human body is 4° 
or 5° lower than the interior temperature, which is not reached 
until a depth of several centimeters. A calculation is made 
showing that about 50 per cent of the body is within an inch 
from the surface. Account must be taken of this cooler pe¬ 
ripheral tissue in calculating the average temperature of the 
body, especially for the agreement of direct and indirect 
calorimetry. A theoretical estimate is made of how the rectal 
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and surface temperatures should be combined to give the true 
average. 

From the results of forty hour periods with the respiration 
calorimeter upon a group of subjects in basal and absorptive 
condition, the formula giving the least average discrepancy 
between direct and indirect heats is found experimentally. 
It agrees closely with that deduced theoretically, and is: aver¬ 
age temperature equals 0.65 X rectal temperature plus 0.35 X 
average surface temperature. The latter temperature is found 
from measurements over the trunk, the lower leg and the fore¬ 
arm. The average error is reduced from 7£ per cent using 
rectal temperature alone to 5| per cent using the formula. 

The changes occurring in surface temperature are on the 
average three or four times as great as those of the rectal 
temperature, and are poorly correlated with the latter when 
the changes are small. The measurement of surface tempera¬ 
tures is equally if not more important than the rectal in the 
calculation of the average. By using 0.6 times the change in 
surface temperature alone, the results in this group are 
slightly better than using rectal temperature alone. 

The average temperature from the body is from 1 to 2°0. 
lower than the rectal temperature in the basal state. In fever 
the two may be practically equal. Some discrepancies in the 
calculation of the Q ]0 for metabolism with temperature are 
explained, and the formula is applied to some experiments 
where subjects were heated by high frequency currents. 

The calculation of the average specific heat of the living 
human body is made possible for the first time, but the data 
can show only that it lies between 0.7 and 0.9. 
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Interest in the subject ol‘ this research was stimulated by 
the preliminary report in 1933 by Essex and co-workers (’33) 
of studies on the blood flow to the liver and to the limbs of 
dogs after ingestion of food. A paper describing later work 
of the same authors has recently been published (Herrick 
et. al., ’34). It had generally been supposed that during 
digestion of food, blood was diverted from the somatic tissues 
to supply the viscera. As these authors state, this belief “has 
been so general as to give it the force of demonstrated fact.” 
Contrary to expectation, their experiments show that there 
is a prolonged general increase in blood flow, measured in 
femoral, carotid, and mesenteric arteries and jugular vein, 
after ingestion of solid or liquid food. 

It seemed of importance that this phenomenon should be 
studied in man. The method used on dogs, that of the ‘thermo- 
stromuhr’ of Rein (’28) with local anaesthetics, is obviously 
inapplicable to human subjects. Information as to blood flow 
must be obtained from observations of the changes in skin 
temperature. By the use of the ‘thermal circulation index’ 
introduced by one of us (Burton, ’34 b), measurements of skin 
temperature may be made to yield reliable information as 
to the blood flow to the limbs. A study has therefore been 

1 This work has been aided by a grant from the Rockefeller Foundation. 
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made of the changes occurring in the rectal and surface tem¬ 
peratures of human subjects in basal condition and after in¬ 
gestion of food. The measurements have been made simul¬ 
taneously with calorimetry periods in the respiration calo¬ 
rimeter (described in paper I of this series, Murlin and 
Burton, ’35) so that at the same time the heat production, 
heat elimination and their difference, the heat storage or loss 
by the body in changing its average temperature are avail¬ 
able. The experiments furnish information in answer to the 
question of what happens to the extra heat produced in the 
body by the specific dynamic action of food. 

Experimental material. In all, ten adult subjects were used, 
two being female. Their weights ranged from 51.2 to 85.5 kg., 
and their heights from 159 to 188 cm., so that they form a 
diversified average group. The routine of experiment was the 
same in the majority of the cases, those in which it differed 
being described later. Some experiments also were made with 
the subject not in the calorimeter. 

The subjects came to the laboratory in basal condition, hav¬ 
ing had no food since the previous evening. They lay in the 
bed of the calorimeter while the various thermometers, rectal 
thermometer, and skin temperature thermometers on the 
abdomen, on the lower leg and a forearm, were placed in 
position. The construction and use of these thermometers 
has already been described, in the first paper of this series 
(Murlin and Burton, ’35) and in detail in an earlier paper 
(Burton, ’34 a). Over them light clothing was worn, of an 
amount that had been found in previous experiments to make 
the subject ‘comfortable’ at the temperature of the chamber 
(about 23°C.). In the case of the male subjects, this was usu¬ 
ally shirt and trousers, covered by a laboratory coat. The 
chamber having been closed, air and water were circulated in 
the systems for about an hour in a preliminary period in 
which thermal and gaseous equilibrium was established. Two 
calorimetry periods of an hour each followed. The subject 
then emerged and ate the meal, light exercise being found 
desirable for the relaxation of the subject making possible 
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the 3 further hours in the calorimeter. About 20 minutes 
after the meal, the subject reentered the chamber and a pre¬ 
liminary period was followed by two more calorimetry periods, 
starting an hour after the meal was finished. Two periods in 
the basal state, and two, the second and third hours after the 
meal, were thus obtained. The measurements of body tem¬ 
perature, taken every 5 minutes throughout, extend over 
longer periods, nearly 3 hours in each case. In one experi¬ 
ment the subject remained an extra hour, so that three periods 
were obtained after the meal, with temperatures followed for 
4 hours. 

The normal variation between individuals, as well as the 
errors of calorimetry, render any conclusion based on an indi¬ 
vidual experiment of little value. Accordingly, in the results 
that follow, the average of nine similar experiments is given 
the most weight in the conclusions. Lack of space forbids the 
listing of the details of all the experiments. 

Nature of meals taken. In five experiments of the first group 
the meal was mainly of carbohydrate, in the other four almost 
exclusively of protein. The carbohydrate consisted partly 
of starchy foods like Cream of Wheat, cornstarch, and bread, 
partly of sugars, cane and Karo syrup, partly of fruits, such 
as peaches and orange or grape fruit juice. The carbo¬ 
hydrate equivalent of the amount ingested was from 180 to 
320 gm. The protein meals were of lean chopped beef, in 
amounts from 200 to 434 gm. The study is a preliminary one 
of the effect of food, in general, on a number of subjects. 
For accurate conclusions upon the comparison of the effects 
of particular foods, a number of experiments upon the same 
individual would be necessary with more carefully controlled 
quantities ingested. 

Heat storage. If the heat produced in the body, given by 
the ‘indirect heat’ calculated from the oxygen consumption, 
exceeds the heat eliminated in the same period, the ‘direct 
heat’ measured by the calorimeter, heat has been stored by 
the body, its average temperature rising. Thus in what fol¬ 
lows, the quantity called ‘heat storage’ is defined as the in- 
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direct heat minus the direct heat in the period. Negative 
values of the heat storage, of course, indicate that heat elimi¬ 
nation exceeds heat production for the period and the aver¬ 
age body temperature has fallen. Alcohol checks with the 
respiration calorimeter show that it measures the quantity 
indirect minus direct heat with an average error in hour 
periods of about 3 per cent. The systematic error is not more 
than 0.17 per cent, so that the averages of heat storage in a 
series of experiments may be relied upon. 


TABLE 1 

Heat storage as percentage of heat produced 


DATE 

SUBJECT 

BASAL 

AFTER MEAL 

KIND 

PER CENT 

IN OREAWE 

1934 

1st hour 

2nd hour 

1st hour 

2nd hour 

3rd hourj 4th hour 

I 

OF 

MEAL 

IN HEAT 
PRODUCTION 2 

5-2 

L.H 

— 2.2 

— 5.9 

(+53)' 

+ 4.1 

— 2.6 


Meat 

20 

5-7 

L.H 

— 5.8 

— 7.7 

(+32) 

+ 14.4 

— 3.7 


CH 

24 

5-11 

J.Ha 

— 11.8 

— 9.3 

(+39) 

4- 4.9 

+ 0.7 


CH 

24 

5-16 

G.E 

— 12.7 

— 2.1 

(+25) 

+ 12.4 

+ 7.0 


CH 

24 

5-18 

G.Mc 

— 21.8 

— 23.2 

(+41) 

— 0.8 

+ 4.0 


CH 

31 

5-23 

K.B 

— 21.4 

— 11.3 

(+29) 

— 16.9 

+ 0.1 

— 11.8 

Meat 

21 

6-12 

W. 


— 10.4 

(+37) 

+ 3.8 

— 4.9 


CH 

16 

6-21 

J.IIu 

— 21.4 

— 11.3 

(+21) 

+ 1-2 

— 2.1 


Meat 

22 

6-28 

R.R 

— 7.8 

— 7.7 

(+44) 

+ 2.5 

— 9.0 


Meat 

26 


Average 

—13.1 | 

I — 9.6 

(+ 36) 

+ 2.8 

_io 

- I .4* | 

(-11.8) 


23 


‘Percentage of basal heat production stored. 

‘Average percentage increase of second and third hours over basal. 


Table 1 gives the results of nine experiments. The heat 
storage, defined above, is given as a percentage of the heat 
produced by the subject in that hour. 

In the basal condition the heat storage in the first hour is 
invariably negative, the average body temperature evidently 
falling. The average loss is 13.1 per cent of the heat pro¬ 
duced. A review of previous periods in the basal condition 
(in experiments not related to this study) gives approxi¬ 
mately the same figure (—13.5 per cent). It does not appear 
that this loss of heat is due to the temperature of the calo¬ 
rimeter chamber (on the average 23.3°C.) being abnormally 
low, as the loss is not correlated with the environmental tem- 
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perature at all well. It lias been repeatedly observed in this 
laboratory and elsewhere that the rectal and surface tempera¬ 
tures in basal condition continue to fall steadily for as long 
as 2 hours when the subject lies down and relaxes completely, 
even in an environment with a temperature as high as 27 °C. 
The net loss of heat must be considered as the effect of im¬ 
mobilization of the subject, which produces a large decrease 
in the heat production. 

The fact that the average net heat loss in the second of the 
basal periods is lower than that of the first hour, —9.G per 
cent, compared to —13.1 per cent, is also confirmed in review 
of previous experiments in the basal condition. In some cases 
there was an actual storage of heat or a negligible heat loss 
in the second of two basal periods, in the first of which there 
had been considerable net loss. This decrease cannot be at¬ 
tributed to any difference in the temperature of the chamber, 
which was only 0.07°0. higher on the average. Heat produc¬ 
tion in the two periods was approximately the same, the aver¬ 
age for the second period being 1.3 per cent higher than for 
the first. The bearing of these results on heat loss on the 
question of heat regulation of the body is discussed later. 
The magnitude of the discrepancy between heat production 
and heat elimination in the completely relaxed basal subject 
emphasizes the need for accurate estimation of heat storage 
from changes in body temperature if the two are to be brought 
into agreement (paper II of this series). 

For the hour in which the subject was out of the calorimeter 
and eating the meal, the heat storage can be estimated only 
from the change that was observed in the body temperatures. 
It has been calculated using the formula developed in paper II 
(Burton, ’35) for each experiment and is given in the fifth 
column of table 1 (in brackets). Since the heat production 
in this period is not known, it is expressed as a percentage of 
the basal heat production. If expressed as a percentage of the 
actual heat production in that period it -would, of course, be 
less. There is no doubt that in this period there is a large 
positive storage of heat. How much is due to the exercise of 
the subject and how much to the food cannot be stated. 
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In the succeeding hour, the second hour after the ingestion 
of food, the heat production tends still to exceed the heat 
elimination, so that the heat storage is positive. In the next 
hour the storage becomes slightly negative in the average, the 
heat production having passed its peak while the heat elimi¬ 
nation is still increasing. It is evident that the reactions are 
slower in some subjects than in others, the positive heat 
storage occurring in the third hour instead of the second. 
Presumably this is due to differences in the rates of digestion 
and absorption. In the single experiment where a third hour 
is available the body had begun to lose heat once more to a 
considerable amount. 

In only one case can the effects of carbohydrate and protein 
be compared in the same subject. Here the reaction was evi¬ 
dently more rapid and of a higher peak value with the carbo¬ 
hydrate meal. 

The increase in the average rate of heat production in the 
second and third hours after the meal, over that in the basal 
periods, is given as a percentage of the latter in the last 
column. It expresses the usual ‘specific dynamic action’ of 
food, in the manner originally used by Eubner and adopted 
by Lusk. 

The observed sequence of heat storage and loss is the con¬ 
sequence of the fact that the extra heat elimination after 
the meal lags behind the extra heat production, so that there 
is a temporary rise in body temperature until the increased 
heat elimination finally compensates. We are studying here 
the fluctuations and lag of the human thermostat as it meets 
fluctuations in heat production. In the sections that follow 
the mechanism of the increased heat elimination is examined 
more closely. 

Water loss. In table 2 the results for the heat lost by 
evaporation for the same group of experiments are listed. 
The average percentage of the heat produced that is lost by 
evaporation is the same for the two basal periods, namely, 
17.8 per cent. This figure is considerably less than that usu¬ 
ally found, namely, 24 per cent of the heat loss (Soderstrom 
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and DuBois, ’17) although the environmental temperature 
was in the same range. The same authors found an insignifi¬ 
cant decrease to 23 per cent after ingestion of glucose or of 
protein. In our experiments the decrease in the percentage 
is quite marked in the second hour after the meal. In the 
third hour sweating occurred in some of the experiments 
(shown by the changes in skin temperature and noted by the 
subject) and the percentage is only slightly less than the 
basal. The decrease in percentage, expressed in terms of the 
heat produced, is not an indication that the evaporation loss 


TABLE 2 

Percentage of heat produced lost by evaporation and as Cals./sq.m./hr. lost 

by evaporation 





BASAL 


AFTER MEAL 

DATE 

1934 

SUBJECT 

j 1st hour 

2nd hour 

2nd hour 

3rd hour 

4th hour 



Per j 
cent 

Cals. 

| Per 
i cent 

Cals. 

Per 

: cent j 

Cals. 

Per i 
cent 

1 i 

| Cals, i 

! 

Per ! 
cent 

Cals. 

5-21 

L.H 

20.0 j 

7.8 

20.1 

8.3 

j 15.9 

7.1 

17.5 | 

! 8.7 


i 

5-7 

L.H 

16.6 

6.6 

! 17.9 

7.0 

15.2 

1 8.4 

16.6 | 

8.4 



5-11 

J.Ha 

15.1 I 

5.0 

| 16.1 

5.5 

13.1 

5.6 

15.4 

6.2 



.5-16 

O.E. ! 

12.9 

4.6 

I 12.3 

4.8 

10.4 

4.9 

13.1 

5.8 



5-18 

G.Mc. 

18.1 

6.4 

17.4 i 

I 6.2 

15.8 

7.2 

I 18.1 

8.5 1 



5-23 

K.B. 

17.5 

5.4 

j 17.5 

! 5.5 

17.4 1 

6.0 

16.3 

6.5 

18.3 

6.8 

6-12 

W. 



17.0 ; 

i 6.9 

177 ! 

8.9 

20.3* 

9.0 1 



6-21 

J.Hu 

21.0 

7.8 

21.4 

8.1 

18.0 

8.4 

17.7 ! 

8.2 



6-28 

R.R 

21.9 

8.3 

22.2 

1 8.6 

19.8 

9.8 

22 .2* 

10.4* 



Average 


17.8 

T.5 

17.8 

6.9 

15.9 

~ 7.4 

‘liT 

7.9 


i 

Av. percentage ol 
beat elimination 

15.8 


16.5 


16.5 


16.5 



1 

1 

1 


J Sweating occurred. 


decreased after the meal in absolute value. On the contrary, 
there was a slight increase, as shown by the table. The ap¬ 
parent decrease is due to the fact that the heat lost by evapora¬ 
tion does not increase as rapidly as does the heat production. 
When expressed as a percentage of the heat lost in the period, 
the figures are remarkably constant, 15.8 per cent, 16.5 per 
cent, 16.5 per cent, 16.5 per cent, respectively. This suggests 
that in this respect the body is losing heat as a purely physical 
system. 
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Radiation and convection. Table 3 shows that the burden 
of the elimination of the extra heat is borne by the increased 
radiation and convection from the body. There is no doubt 
about the considerable increase in the hours following the 
food. Comparison of the averages at the foot of the table 
for radiation and for heat production brings out the fact, 
mentioned earlier, that the heat elimination lags behind the 
heat production. The latter has passed its peak by the third 
hour, while the former is still rising. 


TABLE 3 

Radiation and convection in Cals./sq.m./hr. 


DATE 

1934 

SUBJECT 

BASAL 


AFTER MEAL 


1st hour 

2nd hour 

2nd hour 

3rd hour 

4th hour 

5-2 

L.H. 

31.8 

34.6 

36.0 

42.3 


5-7 

L.H. 

35.5 

35.4 

40.1 

44.4 


s-n 

J.Ha 

32.2 

31.6 

34.9 

33.8 


5-16 

G.E. 

35.5 

34.8 

36.7 

35.7 


5-18 

G.Mc. 

36.6 

37.6 

38.9 

40.9 


5-23 

KB. 

31.8 

29.4 

34.6 

33.0 ( 

34.5 

6-32 

W. 


38.0 

39.4 

37.8 


6-21 

J.Hu 

37.1 

33.4 

37.8 

37.1 


6-28 

R.R. 

31.7 

32.0 

37.4 

39.6 

. 

Average 


34.5 

34.1 

37.3 

38.3 


Average heat produced | 

36.5 

3L4 

46.3 

45.8 



From physical principles it is clear that the increase in 
radiation and convection could be brought about only by an 
increase in the temperature of the surface of the body, the 
heat originating, of course, from metabolism. 

Temperature changes. The skin temperature thermometers 
measure directly the average temperature over portions of the 
surface of the body, which are in area about 930 sq.cm, for 
the trunk, 600 sq.cm, for the lower leg, and 360 sq.cm, for the 
forearm. Care was taken that the conditions of clothing worn 
over these thermometers should be identical throughout the 
experiment, so that the observed changes might be of physio¬ 
logical significance. The temperatures showed considerable 
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consistency, the fluctuations, as distinguished from systematic 
trends, rarely exceeding 0.1°C. from one observation to the 
next, 5 minutes later. The occurrence of sweating could be 
seen at once in the sudden drop of temperature and the 
subsequently increased fluctuations. Muscular movements, as 
those of the arm in operating the signaling device in the 
chamber, raised the temperature momentarily. In the aver¬ 
ages taken over the whole period, a change of skin tempera¬ 
ture of more than 0.1 °C. can be considered significant. 

In the basal period the rectal temperature continued to fall 
for almost the whole of the first 2 hours that the subject was 
lying down, remaining, on the average, constant or even ris- 


TABI.E 4 

Average temperature changes in °C. 


PLACE 

BA8AL 

AFTER MEAL 

1 st hour 

2nd hour | 

iBthour j 2nd hour 

3rd hour 

Rectal 

— 0.09 

+ 0.02 

+ 0.26 j + 0.02 

0.00 

On trunk 

— 0.06 

— 0.15 

+ 0.78 j +0.25 

— 0.12 

On lower leg 

— 0.23 

— 0.30 

+ 0.93 | + 0.09 

0.00 

On forearm 

— 0.01 

— 0.21 

| + 0.80 j + 0.08 

— 0.16 

Average surface 

— 0.08 

— 0.25 

i +0.79 1 +0.18 ! 

— 0.08 


ing in the third hour. The surface temperatures, however, 
falling with the rectal at about the same rate for the first 
hour, fell much more rapidly in the second and third hours. 
This is brought out by the averages for all the experiments 
in table 4. (The average surface temperature is calculated 
from 0.5 X trunk plus 0.36 X leg plus 0.14 X arm tempera¬ 
tures, a formula weighting the temperatures according to the 
mass of tissue beneath them.) The fall is most marked on 
the leg, least on the arm. The total fall of surface tempera¬ 
ture is much greater than that of rectal temperature. In 
one female subject, the temperature on the surface of the leg 
fell a total of 3.4° C. in the 3 hours, from 31.5° to 28.1 °C., 
while the rectal fell only 0.25°C. 
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These changes of temperature give evidence of the opera¬ 
tion of the heat regulating mechanism of the body against loss 
of temperature. In the first hour the body cools as a purely 
physical system, the surface falling an amount approximately 
equal to the fall of interior temperature. In the following 
hours, however, the surface falls a great deal more than the 
interior, indicating a decrease in the heat conductivity of the 
peripheral tissues, due to a vasoconstriction and decreased 



blood flow. That this physiological adjustment is effective is 
proved by the cessation of the fall of rectal temperature and 
by the decrease in the net heat loss (table 1). 

In the hour immediately following the meal the rectal tem¬ 
perature is the first to rise, remaining on the average steady 
in the next 2 hours. The surface temperatures show a very 
much greater increase, which continues in the second hour, 
falling finally in the third. In figure 1 the records of tem¬ 
perature of one experiment are plotted to show the time rela- 
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tions of the changes. Without exception in the experiments, 
the surface temperatures were maintained at a much higher 
level after the meal, even though in some cases the rectal 
temperature had fallen. The average levels of the surface 
temperatures during the hour periods are given in table 5. 

The rise of temperature is usually the greatest for the 
surface of the lower leg, least for the forearm (as explained 
later, however, this does not mean that the change in blood 
flow is greatest in the legs). 

Effects of exercise. It is obvious that in the periods fol¬ 
lowing the meal, the effects of immobilization of the subject 
are superimposed upon those due to the ingestion of the food. 


TABLE 5 

Average level of temperatures in °C. 


PLACE 

BASAL 

AFTER IfKAL 

1st hour 

2nd hour 

1st hour 

2nd hour 


Rectal 

36.72 

36.68 

36.92 

36.96 

Trunk 

34.52 

34.36 

35.13 

35.07 

Lower leg 

32.36 

31.78 

32.60 

32.84 

Lower arm 

31.32 

31.09 

31.75 

31.65 

Calorimeter chamber 

23.30 

23.37 

23.40 

23.59 


Since, however, exercise preceded the basal periods just as it 
did the periods following the meal, a comparison of the 
changes of temperature in corresponding periods tends to 
eliminate this factor. In order that the time relations of the 
temperature changes due to the food might be examined un¬ 
accompanied by the effects of exercise, an experiment was 
made in which the subject lay in the calorimeter in basal con¬ 
dition for about 2 hours, the second of which was a calorimetry 
period. He then, at a signal, ate a meat meal while lying 
there, making as few muscular movements as possible, and 
two calorimetry periods of an hour each followed. 

There was an immediate small rise of rectal temperature of 
about 0.08° C. and of about 0.4° C. in the temperature on the 
trunk after the meal was finished, but this proved temporary 
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only. No simultaneous rise was recorded in the temperatures 
on the leg or arm. About 1£ hours later, however, a signifi¬ 
cant and rapid rise in surface temperatures was evident. 
As the subject had been in the calorimeter for 4 hours, 
the rise could be followed for some 20 minutes only. The 
plausible explanation of this delayed rise is that in this ex¬ 
periment the emptying of the stomach and absorption had 
been delayed, and that as Herrick and co-workers (’34) found 
in their experiments on dogs, the increased blood flow does 
not occur unless there is absorption. The value of heat pro¬ 
duction in the 3 hours bears out this conclusion. It was 
78.9 Cals./hr. in the first, basal hour, 89.3 in the hour during 
which there was exercise, and 82.8 in the last hour during com¬ 
plete quiescence. The specific dynamic action had only just 
started when the experiment ended. A second experiment of 
this character failed, because of the inability of the subject to 
ingest the meal while in the prone position. 

Two experiments were made in which the surface and rectal 
temperatures were taken on a subject lying on a bed in a cloth 
covered cubicle, the walls of which contained resistance wire 
thermometers. No metabolism studies were made in order 
that disturbing effects due to lack of relaxation of the subject 
might be eliminated. The meal, 200 gm. of lean chopped beef, 
was eaten by the subject still on the bed, but with the head and 
shoulders propped up. It is thought that these experiments 
give a true picture of the effects of food ingestion, with the 
least complication due to muscular exercise. One of them is 
illustrated in figure 2. A control experiment with similar 
conditions, but no ingestion of food is shown in the same 
charts. Comparison enables the time relations of the tem¬ 
perature changes to be estimated fairly accurately. There 
was an immediate rise in rectal temperature, and a very rapid 
rise of the temperature of the leg, even though this had not 
been moved at all. The apparent cooling of the arm after 
the meal is seen to be the normal fall in the basal condition 
until the rise began some 30 minutes after the meal was 
finished. The maximum was reached at about 14 hours after 
ingestion. 
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The data for another experiment, in which the metabolism 
was taken in ten minute periods every hour by the Tissot- 
Haldane method, are given in table 6. The periods were of 



q oo 44 to oo 

XO AO II 00 

Ti me. 

XO AO 

12 OO 20 



Figure 2 





TABLE « 




Period 

I 

* II 

III 

IV 

R.Q. 

.82 

£ .80 

.80 

.80 

Metabolism Cals./hr. 

65.5 

73.0 

79.3 

82.8 

Increase over period 1 


11.4% 

21.2% 

26.4% 

Average rectal temperature, °C. 

36.97 

37.08 

37.09 

37 . 13 ’ 

Increase over period I, °C. 



.12 

"is” 

Average temperature on trunk, 0 

C. 34.77 

34.93 

35.40 

35.44 

Increase over period I, °C. 

----- 

.16 

.63 

.67 

Avorage temperature on leg, °0. 


33.13 

33.74 

33.38 

Increase over period I, °C. 


.58 

1.19 

.83 

Circulation index trunk 

4.02 

4.01 " 

5.43 ~ 

5.49 


(100) 

(100) 

(135) 

(137) 
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1 hour each, and the meal was eaten at the start of the second 
hour. The results, so far as temperature changes go, are 
comparable with those shown in the charts. The last lines 
of the table show the thermal circulation index. 

Finally, two experiments were made with the subjects lying 
unclothed in a room of constant temperature and humidity. 1 
The changes in the average temperatures on the abdomen 
are shown in figure 3. The changes on the leg and forearm 
followed a similar course. The drop in temperature immedi- 


%) 



ately following the ingestion is due to the fact that the solu¬ 
tion was at low temperature (about 15°C.), and corresponds 
well in amount with that calculated to supply heat sufficient 
to raise the weight of fluid to body temperature. The differ¬ 
ence in the time relations of the reactions is marked, and 
corresponds with the fact, known from previous experiments, 
that absorption and diuresis are slower in subject B than in 
A. There was definite glycosuria in A, but none detectible 
in B after the sucrose ingestion. 

1 Coincident studies of insensible loss in short intervals by weighing and of 
urine excretion were carried on by Mr. G. McClure and Mr. J. Hall, for whose 
courtesy in using the data we are indebted. 
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The whole group of experiments leaves no doubt that there 
is a significant rise of surface temperature of the human body 
much greater than the coincident rise of rectal temperature, 
after the ingestion of solid or liquid carbohydrate or protein 
meals. The failure of Herrick and co-workers (loc. cit.) to 
find any significant rise of temperature on the forearm of a 
human subject or the leg of a dog must be attributed to the 
insensitiveness of their apparatus or lack of control of environ¬ 
mental conditions. It is interesting to note that Williams, 
Riche and Lusk (’12) recorded that there was a rise in skin 
temperature of a dog after ingestion of food greatly exceeding 
the rise of rectal temperature. 

Blood circulation. The fact that the changes in surface 
temperature both in the basal and absorptive periods, exceed 
the changes in internal temperature, means that there have 
been changes in circulation of blood, since, in a purely physical 
system where the properties of heat transfer are constant, 
the changes in surface temperature must be less than those 
of the interior. This is expressed quantitatively by the use 
of the ‘thermal circulation index’ (Burton, ’34b). 

^ ^ j External drop of temperature __ Surface temp.—Room temp. _ C 
Internal drop of temperature ~ Rectal temp.—surface temp. C 1 

The index compares the coefficient of heat transfer, for the 
tissues, <J l with that for the environment, C. An increase in 
the index for a given surface area is brought about by in¬ 
creased local or general circulation, a decrease by the reverse. 
Constancy of the index means that the body is behaving as 
would a purely physical system of constant thermal properties. 

A correction to the simple formula is required if the evapo¬ 
ration from the body changes greatly. In the case of the 
calorimetry experiments, the results of which are listed in 
tables 2 to 5, this correction may be made with accuracy. We 
have, for the heat lost by radiation and convection from an 
area of surface (surface temp. T„ environmental temp. T f ) 

Ha = C (T, — T,). 



296 


ALAN C. BURTON AND JOHN R. MURLIN 


and for the total heat brought up to that area of surface— 

H = C , (T, —T.) 


Then, by division— 


t.c.i = -: 


CF 



The correction factor g- may be obtained from tables 2 and 3, 
if we assume that for the particular area in question it is 
equal to the ratio of the total heat eliminated in the period 
to the total heat lost by radiation and convection in that 
period. 

TABLE T 

Thermal circulation indices 


PLACE 

i 

BASAL 

AFTER MEAL 

1st hour 

2nd hour 

1st hour 

2nd hour 

Trunk 

6.66 

5.70 

7.87 

7.32 


(100) 

(86) 

(118) 

(110) 

Lower arm 

2.30 

2.07 

2.55 

2.73 


(100) 

(90) 

(111) 

(119) 

Forearm 

1.76 

1.66 

1.94 

1.83 


(100) 

(94) 

(110) 

(104) 


The correction in the case of the average temperatures of 
table 5 proves to be insignificant, the factors for the four 
periods being 1.18,1.20,1.20 and 1.20, respectively. The cor¬ 
rected indices are given in table 7. For comparison they are 
reduced so that the figure for the first basal period is 100 (in 
brackets). 

The index is significantly greater after the meal than in 
the corresponding basal periods, by from 10 to 27 per cent. 
In individual experiments the increases in the indices were 
often of much greater amount, from 30 to 50 per cent, the 
averaging of experiments with differing time relations lead¬ 
ing to lower figures. The figures for the experiment of table 6 
are given at the foot of that table, and indices are also given 
(in brackets) on the chart (fig. 1). The use of the T. C. I. 
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shows that though the changes in temperature on the leg are 
greater, those on the trunk are just as significant as an indi¬ 
cation of increased blood flow. The reaction in the arm seems 
of smaller magnitude. There is no indication whatever of 
any decrease of blood flow to the peripheral tissues, but very 
definitely to the contrary, there is a general increase of circu¬ 
lation after ingestion of food. 

Pulse rate. In some of the calorimeter experiments and in 
those illustrated in figure 3, the pulse rate was taken at fre¬ 
quent intervals. In the basal condition there was only a slight 
tendency for the rate to decrease after the first few minutes, 
but after the meal there was a marked increase. That this 
is closely correlated with the increase of surface temperature 
is shown in figure 3. The increased peripheral blood flow 
indicated by the rise of T. C. I. need not then be ascribed to 
any vasomotor shift, but is explained (as in the dog by Herrick 
and co-workers) by a general increase in blood flow through¬ 
out the body. The cooling of the surface in the later basal 
periods is more likely due to a peripheral vasoconstriction. 

CONCLUSIONS 

The inferences from the experiments have been discussed 
under the various headings, but may be illustrated by figure 4, 
which shows the results of a fictitious experiment deduced 
from the average values of all the experiments. The chart is 
self-explanatory. The dotted area of the blocks shows the 
net storage or loss of heat in the hour periods. If the full line 
(heat production) is above the dotted line (heat elimination) 
the storage is positive, and vice versa. 

The stimulation of the heart rate and consequent rise of 
the surface temperature more rapidly than the interior may 
well be coincident with the rise of heat production (S. D. A). 
The thermal capacity of the body, however, would make the 
rise of temperature lag behind the heat production and persist 
some time after the latter had reached its peak. We have, at 
present, no evidence that contradicts the assumption that the 
circulatory and thermal reactions are stimulated by the same 
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factors as the specific dynamic action. Careful comparison 
of the effects of protein and carbohydrate may later provide 
such evidence. 

The supposed vasomotor shift of blood from the periphery 
to the viscera during absorption is seen to be contradicted 
by the facts. Such a shift would lead to a cooling of the body 
surface instead of a rise, and some other mechanism, such as 



increased sweating, would have to be called upon to bring 
about elimination of the extra heat produced and prevent 
excessive rise of body temperature. The actual mechanism 
of a general increase of blood flow throughout the body serves 
the double purpose of supplying the viscera with the addi¬ 
tional blood required by absorption and also of eliminating the 
extra heat produced. 
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SUMMARY 

The heat production, heat elimination, and the rectal and 
surface temperature changes of ten adult subjects have been 
studied in the respiration calorimeter, in basal condition and 
after the ingestion of carbohydrate and protein meals. 

On the average, heat elimination exceeds heat production by 
13 per cent in the first basal hour and 9 per cent in the second. 
The body first falls in temperature uniformly; later, the sur¬ 
face falls much more than the rectal temperature, indicating 
a heat regulating adjustment. 

After the meal heat is first stored in the body by general 
rise of temperature, but later the surface temperature rises 
much more than the rectal temperature (about 1°C. compared 
to 0.25°C.), radiation from the body is increased and the 
extra heat is eliminated. Increased evaporation plays a minor 
role. The rise of surface temperature is most marked on the 
leg, but the use of the ‘thermal circulation index’ shows the 
increased circulation is general. It commences 20 minutes 
after the ingestion. The effects of protein and of solid and 
liquid carbohydrate are similar. They are closely correlated 
with an increase pulse rate after the meal. 

There is no evidence of a withdrawal of blood from the 
somatic tissues to the visceral, but a definite general increase 
in circulation, which may well be due to the same factors as 
cause the specific dynamic action. 
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THE PHYTIN PHOSPHORUS OF THE CORN 
COMPONENT OF A RACHITOGENIC DIET 1 
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Cambridge 

ONE FIGURE 

(Keceived for publication August 3, 1934) 


It has long been assumed that the three dietary factors of 
importance in the production of experimental rickets in rats 
are low content of vitamin D, low percentage of phosphorus in 
respect to the total diet (0.25 per cent or less) (Brown et al., 
’32), and a low proportion of phosphorus to calcium (not 
more than 1:4) (Steenbock and Black, ’25). That there are 
other factors of importance and that the classical concepts just 
stated are in error can now be safely asserted. The early 
observations of E. Mellanby (’21) on the anti-calcifying 
properties of oatmeal are not explained by the three primary 
criteria for rachitogenic diets; recent work of Kon and Booth 
(’34) indicates an anti-rachitic effect of the saponifiable frac¬ 
tion of butter fat; diets compounded and used in our own 
laboratory, in work to be reported later, which were devoid 
of extractable vitamin D, low in total phosphorus, and with 
Ca:P ratios as exaggerated as 8:1, have failed to induce 
rickets. 

In a previous contribution (Harris and Bunker, ’34) we 
reported variations in the rachitogenic properties of forty 
samples of corn (maize) compounded into batches of the Steen¬ 
bock no. 2965 rachitogenic ration (Steenbock and Black, ’25), 

‘Contribution no. 47 from the Department of Biology and Public Health, 
Massachusetts Institute of Technology, Cambridge, Massachusetts. 
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all ingredients other than corn being identical to all lots of 
diet. Data were supplied to show that these variations were 
due not to differences in amount of total phosphorus, nor to 
the Oa: P ratios of the various batches of diet, but were as¬ 
sociated with some variations residual in the corns themselves. 
We suggested that in the corn component there might be link¬ 
ages of phosphorus with other chemical elements constituting 
compounds which vary among each other in respect to their 
assimilability and in respect to their relative proportions in 
different samples. 

The establishment of the classical Ca: P == 4:1 ratio of a 
rachitogenic diet appears to be the result of determinations 
of the total calcium and total phosphorus in diets which previ¬ 
ously had empirically proved to be rachitogenic. It is no 
discredit to the original investigators in this field that what 
appeared to be a causative correlation between calcium- 
phosphorus ratios and the development of experimental 
rickets now is perceived to be a relation applying only to 
certain limited conditions, as for instance, those obtaining in 
a rachitogenic formula comprising a large proportion (76 per 
cent) of corn. 

If the hypothesis be valid that one or more forms of phos¬ 
phorus which contribute to the sum of total phosphorus, as 
usually determined by drastic chemical methods, is of particu¬ 
lar metabolic significance to the rat, then we have at least 
a hypothetical explanation of the failure of the classical total 
calcium-total phosphorus ratio to support rickets in certain 
experimental diets. Support of this hypothesis is drawn by 
us from the papers of Lecoq and Villette (’33) and of Bruce 
and Callow (’34) in which the addition to diets of phosphorus 
in various forms (mostly inorganic) has received attention 
from the point of view of its effect on healing of rickets. If 
variations in the form of phosphorus administered produce 
ditferent effects upon the metabolism of healing, there may 
well be analogous effects upon the metabolism associated with 
the causation of rickets varying with the type of phosphorus 
fed. The really significant criteria concerning the phos- 
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phorus content of a rachitogenic diet may be restricted to the 
quantities or proportions of certain types rather than to the 
total phosphorus values. 

The present contribution is based on the first of our studies 
of the significance of the several fractions of rachitogenic diets 
which contain phosphorus in one form or another, and deals 
specifically with the phosphorus of the phytin fraction of 
corn. Phytin w r as selected as obviously being quite different 
in its relation to the total phosphorus of animal and vegetable 
dietary ingredients, and because we have observed that a 
rachitogenic diet can be compounded more successfully from 
corn, for instance, than from casein. Phytin accounts for a 
large proportion of the total phosphorus of corn; it is absent 
from casein. 

We have estimated the amount of phytin P in each of the 
forty corns which were the subject of the previous study, 
using our modification (Harris and Mosher, ’34) of the 
Iieubner-Stadler method. The results are given in table 1, 
column 5. The determinations of the total phosphorus of these 
corns (column 2) and the animal experiments were carried 
out at the same time. The quantitations of the phytin phos¬ 
phorus were made several months later. 

The only other source of phosphorus in the diet no. 2965 is 
wheat gluten, which comprises 20 per cent of the ration. In 
the diet as fed, the gluten contributed 0.068 per cent total 
phosphorus and 0.037 per cent phytin phosphorus. As the 
gluten used in the animal experiments was the same in all 
cases, the phosphorus fractions contributed by it did not con¬ 
tribute to the variations with which we are concerned. 

The purpose of this study was to find whether a correlation 
exists between the phytin phosphorus content of corn and 
the degree of rickets it produces when incorporated in the 
no. 2965 Steenbock ration. To assist visualization of this 
relationship the total phosphorus and the phytin phosphorus 
content of the corn in each of the forty rations have been 
plotted against the degree of rickets each ration produced 
(fig. 2). There is no apparent correlation. 



TABLE 1 




1932 ANALYSES 

1934 ANALYSES 

PER CENT CORN 
P IN NO. 2965 
DIET AS FED 1 

CORN 

NO. 

BREED AND SOURCE 

Per cent 

Per cent 
total P 

Per cent 

Per cent 
phytin P 



moisture 

Wet 

Dry 

moisture 

Wet 

Dry 

Total 

Phytin 

1 

Haskins yellow, Mass. 

8.4 

0.285 

0.312 

7.4 

0.229 

0.247 

0.218 

0.172 

2 

Golden Glow Bent, Mass. 

8.2 

0.351 

0.382 

8.4 

0.253 

0.276 

0.266 

0.193 

3 

Lancaster Sure Crop, N. J. 

12.1 

0.324 

0.368 

8,6 

0.240 

0.262 

0.246 

0.175 

4 

Clarage, Ohio 

8.4 

0.301 

0.332 

8.8 

0.250 

0.273 

0.232 

0.190 

5 

Lancaster Sure Crop, Del. 

14.0 

0.289 

0.336 

10.4 

0.135 

0.150 

0.220 

0.098* 

6 

Minn. 13 (Sd. 86), S. Dak. 

8.0 

0.370 

0.400 

8.0 

0.315 

0.342 

0.280 

0.239 

7 

Williams Yellow Dent, Mass. 

8.3 

0.333 

0.364 

8.1 

0.241 

0.262 

0.254 

0.182 

8 

Minn. 13, Thorpe, N. Dak. 

11.5 

0.342 

0.396 

8.2 

0.265 

0.289 

0.266 

0.195 

9 

Duncan Yellow Dent, Mich. 

11.4 

0.356 

0.400 

9.0 

0.245 

0.269 

0.269 

0.181 

10 

Not Known, Wis. 

9.0 

0.326 

0.359 

9.6 

0.247 

0.273 

0.248 

0.189 

11 

Thatcher’s Gold Dent, Ark. 

7.9 

0.295 

0.320 

9.3 

0.249 

0.274 

0.224 

0.192 

12 

Not Known, Ill. 

13.7 

0.293 

0.340 

8.4 

0.230 

0.251 

0.223 

0.164 

13 

Longfellow-Davis Flint, Mass. 

9.3 

0.273 

0.300 

11.5 

0.194 

0.219 

0.207 

0.151 

14 

Not Known, Ill. 

12.4 

0.314 

0.358 

9.2 

0.279 

0.307 

0.238 

0.204 

15 

Hulsart Yellow Dent, N. J. 

13.3 

0.351 

0.404 

8.9 

0.273 

0.299 

0.266 

0.197 

16 

Kruger, 111. 

12.3 

0.326 

0.372 

8.3 

0.190 

0.207 

0.248 

0.138 

17 

Golden Glow, Mich. 

11.6 

0.313 

0.354 

8.2 

0.250 

0.272 

0.238 

0.182 

18 

Yellow Dent seed corn, Utah 

12.2 

0.376 

0.427 

8.3 

0.293 

0.319 

0.284 

0.213 

19 

Sure Crop, Penn. 

8.0 

0.317 

0.345 

8.1 

0.243 

0.264 

0.242 

0.185 

20 

Hall’s Gold Nugget Flint, N. J. 

12.7 

0.355 

0.407 

8.3 

0.248 

0.270 

0.270 

0.179 

21 

Polar Dent, Mich. 

11.6 

0.381 

0.432 

7.9 

0.271 

0.294 

0.290 

0.198 

22 

St. Paul 13 Dent, Minn. 

12.0 

0.364 

0.414 

8.2 

0.280 

0.305 

0.277 

0.204 

23 

MAC Yellow Dent, Mich. 

11.8 

0.326 

0.370 

7.9 

0.224 

0.243 

0.248 

0.163 

24 

Reid’s Yellow Dent, Neb. 

13.8 

0.335 

0.389 

8.7 

0.230 

0.252 

0.255 

i 0.165 

25 

Golden Queen, Penn. 

8.2 

0.312 

0.340 

7.8 

0.267 

0.290 

0.238 

0.202 

26 

Western Plowman, Ill. 

12.9 

0.306 

0.351 

8.1 

0.223 

0.243 

0.232 

0.161 

27 

Reid’s Yellow Dent, Del. 

13.6 

0.275 

0.318 , 

9.6 

0.136 

0.150 

0.209 

0.099 

28 

Reid’s Yellow Dent, N. J. 

12.8 

0.332 

0.381 

10.0 

0.243 

! 0.270 

0.252 

0.179 

29 

Not Known, Kan. 

8.4 

0.343 

0.375 

8.0 

0.261 

0.284 

0.261 

0.198 

30 

Wilson Yellow Dent, Fla. 

12.2 

0.355 

0.404 

8.5 

0.252 

i 0.274 

0.270 

0.183 

31 

Somerset Teaming Dent, N. J. 

12.9 

0.279 

0.320 

11.8 

0.202 | 

1 0.229 

0.212 

0.152 

32 

Cattle, Neb. 

14.0 

0.372 

0.435 

9.4 

0.245 

0.270 

0.284 

0.176 

33 

King Philip Hybrid, Calif. 

12.4 

0.354 

0.404 

7.9 

0.231 

0.251 

0.269 

0.167 

34 

Pickett Yellow Dent, Mich. 

11.7 

0.300 

0.340 

8.7 

0.239 

0.262 

0.228 

0.176 

35 

Reid’s White Cap, N. J. 

12.0 

0.337 

0.383 

7.4 

0.289 

0.312 

0.256 

0.208 

36 

Mercer Flint, N. Dak. 

11.2 

0.332 

0.374 

7.9 

0.227 

0.247 

0.252 

0.166 

37 

Mercer White Cap Yellow 

Dent, N. J. 

12.2 

0.300 

0.342 

11.2 

0.251 

0.284 

0.228 

0.189 

38 

Clement’s White Cap, Mich. 

12.1 

0.300 

0.341 

8.9 

0.223 

0.245 

0.228 

0.163 

39 

White Flint, R. I. 

12.9 

0.364 

0.418 

7.4 

0.278 

0.300 

0.277 

0.198 

40 

Moore’s White, Wis. 

12.5 

0.296 

0.338 

15.0 

0.195 

0.229 

0.225 

0.152 


Average 

ii:r 


0.369 

~~ 8.9 ~ 






Column number 

i 

~2 ~ 

3 

T" 

5~~ 

6 

7 

8 


1 On basis of wet weight in 1932. 
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DISCUSSION 

A decade or more ago, E. Mellanby (’21) noted that cereals 
are rachitogenic (anticalcifying) in spite of their relatively 
high total phosphorus content. He could not find that the 
anticalcifying effect is correlated with the fat, carbohydrate, 
relative or absolute amounts of calcium and phosphorus, nor 
acid-base relations of their rations. Steenbock et al. (’30) re- 
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Fig. 1 Eolation of corn phrtin phosphorus in the diet as fed to the degree 
of rickets produced. 


ported more recently that the calcifying property of certain 
grains, supplemented by calcium carbonate, could be arranged 
in the descending order, wheat, oats, corn, and that the total 
phosphorus of these grains is in the reverse order. These 
findings and others have been discussed by Bruce and Callow 
(’34) in a report which has appeared while our own data 
were being analyzed. They advance the view that inositol 
hexaphosphoric acid (phytic acid) may be the elusive factor 
in these cereal diets, exerting non-calcifying effect because of 
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its low assimilability. For the sake of accuracy, it should be 
pointed out that inositol hexaphosphoric acid occurs in grains 
in the form of phytin, a salt of the hexaphosphoric ester of 
inositol (Posternak, ’19) and that associated with this sub¬ 
stance there occurs naturally the enzyme phytase which under 
suitable moisture and temperature conditions catalyzes the 
hydrolysis of phytin, yielding inorganic salts of orthophos- 
phoric acid. In sprouting grains phytin is split to inorganic 
phosphates and inosite, presumably through the activity of 
phytase (DeTurck et al., ’33). 

Bruce and Callow reduced the anticalcifying properties of 
oatmeal and other cereals by a treatment with hydrochloric 
acid and assumed the improvement to be due to hydrolysis of 
inositol hexaphosphoric acid. They state, in regard to the 
unexplained variations in severity of rickets induced from 
time to time by a rachitogenic diet, in spite of its reasonably 
careful control, that “one possible factor in this variation 
may be the proportions of phytin and other phosphorus in 
samples of maize of similar phosphorus content,” a view 
which we entertained at the beginning of our work. Analysis 
of our data fails to demonstrate that either absolute or pro¬ 
portional amount of phytin phosphorus in the Steenbock no. 
2965 diet correlates with the degree of rickets obtained. 

The findings of Bruce and Callow appear to substantiate the 
generally accepted view expressed by Plimmer (’13a, ’13b) 
that phosphorus in the form of phytin is poorly available in 
the nutrition of carnivores and herbivores. An important 
part of the evidence of these authors is based on the finding 
that acid treated oatmeal shows an apparent greater avail¬ 
ability of phosphorus (at least, less anticalcifying tendency) 
than the untreated cereal, and the assumption is natural that 
this improvement is related to the acid hydrolysis of phytin 
with a resultant increase in the proportion of inorganic phos¬ 
phates which, under suitable conditions, have been shown by 
many workers to be available for calcification processes. 

The finding of Templin and Steenbock (’33 a, ’33 b) that 
germinated corn is rendered definitely less rachitogenic by 
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autolysis, during which process it may be assumed that phytin 
phosphorus is actively hydrolyzed, is concordant with the 
above view of Plimmer. A previous report by these authors 
that unripe maize is less rachitogenic than the fully ripened 
grain is also suggestive, since DeTurck (’33) has demon¬ 
strated that phytin is formed at or near the point of storage 
(of phosphorus) in the ripening of seeds. He also quotes 
Zaleski in Kostychev’s ‘Plant physiology’ (’31) as pointing 
out that during the ripening of seeds, a considerable amount 
of phosphorus enters the seed in the form of ... . phytin. 
Quantitative data on the relative proportions of phytin and 
non-phytin phosphorus in germinated and hydrolyzed grains 
seem to be necessary in order that their real bearing upon 
the general question of availability of phosphorus may be 
established. 

It would appear at first glance that the work reported by 
us previously on the increase of rachitogenic properties of 
corn stored after grinding in loosely covered containers for 
a period of months is not in accord with the theory that phytin 
phosphorus is less available than the inorganic derivatives 
of its hydrolysis. It would seem that storage might permit 
phvtase action through which the availability of phosphorus 
would be increased and rachitogenic property decreased. The 
relatively dry state of our corns during storage permitted 
relatively feeble phytase action, although not prohibiting 
oxidation of classical vitamin D. One may presume that any 
decrease in the rachitogenicity of stored corn, attributable to 
a reduction of pli} r tin, is outweighed by other changes, the 
net result of which is the observed increase in rachitogenic 
effect. The apparent discrepancy between our findings and 
the theory of relative non-availability of phytin then dis¬ 
appears. 

While it is important to consider the matter of phytin phos¬ 
phorus in materials used for compounding a rachitogenic diet, 
our results strengthen our opinion that too much emphasis 
must not be laid upon this factor alone; that, there are other 
factors contributing to the effects of such diets which may 
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completely overshadow the alleged pliytin effect. Perhaps 
undue attention is being paid to the matter of phosphorus in 
such diets, but it is necessary to evaluate this factor as well as 
others before the real dietary criteria of rachitogenicity can 
be established. A continuation of an investigation of other 
groups of phosphorus in corn is proposed in order that any 
demonstrable differences in their availability in the rachito- 
genic diet may be determined. 

CONCLUSIONS 

The variations in rachitogenic properties of forty corn 
samples used in the Steenbock no. 2965 ration do not cor¬ 
relate with the absolute or relative amounts of phytin phos¬ 
phorus, nor with the ‘non-phytin phosphorus’ fraction of 
these corns, nor with the total Ca: total P ratio of rations as 
fed. 

It has been shown that the content of inositol hexaphos- 
phoric acid (salts) is not the sole cause of the anticalcifying 
action of all cereals. In the case of corn, at least, there exists 
some other important factor or factors. 

Until the unidentified rachitogenic factors of corn are 
understood and controllable, the incautious use of this in¬ 
gredient in a ‘standardized’ rachitogenic diet may be expected 
to produce discordant results in the bio-assay of vitamin 1). 
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PRODUCTION AND COMPOSITION OF SOW’S MILK 
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Information concerning milk production of the sow, the 
composition of sow’s milk, and the constituents of its ash is 
limited. A more complete knowledge of sow’s milk was 
needed, to give a fuller understanding of the nutritional re¬ 
quirements of the fast-growing pig and to aid in formulating 
suitable rations. The available information has been col¬ 
lected and to it has been added data obtained at this station. 

MILK PRODUCTION 

Production records of sixty sows and seventy-six lactations 
are presented in table 1. The average daily and, where pos¬ 
sible, total production for one lactation are shown. The 
sows from which the records were obtained varied in age and 
weighed from 250 to 500 pounds each. 

These data are reported for the years 1865 and 1933, in¬ 
clusive. As would be expected, there are wide variations in 
the average daily and total milk production. The lowest pro¬ 
duction was obtained by von Oohren (1865) and the highest 
by Ostertag and Zuntz (’08). The daily production reported 
by von Oohren (1865) is far below the average and is given 
for its historical interest. The average daily production for 
seventy-five lactations was 6.8 pounds. Henry and Woll 
(1897) reported the milk yield was not large immediately 
after farrowing and at weaning time—that the maximum flow 
was in the middle of lactation; Davies (’04) found a gradual 
increase in production to the sixth week after parturition and 
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a gradual decrease thereafter; and Carlyle (’03) states that 
some sows yield nearly double that of others. Schmidt and 
Lauprecht (’26) report that sows fed a high-protein diet pro¬ 
duce more milk than those on a low-protein ration; that sows 
suckling 8.5 or more pigs yield more than those having fewer 
pigs, and that sows suckling their third to sixth litters pro- 


TABLE X 


Milk production of sows 


NUMBER 

OF 

SOWS 

AVERAGE 
NUMBER OF 
PIGS IN 
UTTER 

INDIVIDUAL 

DAILY 

PRODUCTION 

1 


pounds 

3.4 

4 

6.8 

5.2 

12 

7.2 

5.4 

1 

7.0 

5.6 

3 

. . . 

11.4 

1 

9.0 

10.2 

1 

7.0 

11.6 

1 

9.0 

7.2 

1 

8.0 

8.2 

1 

6.0 

10.7 

20 * 

8.3 

6.9 

4 

... 

6.9 

7 


6.5 

2 

7.5 

7.7 

Average 

7.9 

6.8 


PRODUCTION DURING 
LACTATION 


8 weeks 10 weeksj 12 weeks 
duration duration i duration 


RETORTED BY 


pounds 


pounds 


pounds 


038.4 


404.9 

460.5 

600.0 

388.2 


418.2 


364.0* 


389.2 


464.9 


von Gohron (1865) 
jHenry and Woll (1897) 

!Carlyle (’03) 

Davies (*04) 

Ostcrtag and Zuntz (*08) 


f Schmidt and 
Lauprecht (’26) 


481.0 

457.7 
539.0 

417.8 


.... lOhligmacher* 
.... lOhligmacher* 

_ j r fhe authors 

464.9 j 


x Thirty-six lactations. 

8 Calculated from daily production. 

8 Reported by Schmidt anti Lauprecht (’26). 


duce more milk than sows in their first and second lactations. 
They found, too, that sows with a higher protein diet gave 
much more milk in the middle of lactation than those getting 
less protein; that older sows produce more milk in the early 
part of lactation, whereas the young sows gave the same 
amount in the late as in the first part of the period. 

The authors found, for the two sows tested, their maximum 
production was attained between the second and fourth weeks 
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of lactation and that their total production was nearly the 
same. In 10 weeks one sow produced 553 pounds and the other 
525 pounds of milk. These figures are above the average of 
other production records reported. 

METHODS OF OBTAINING SAMPLES FOE ANALYSIS AND 
TOTAL YIELD 

Some difficulty was experienced in obtaining milk samples. 
Little success was realized until the milk-secreting habit of 
the sow was understood. It was found that she does not give 
her milk ‘down’ continuously while the pigs are suckling, but 
there seemed to be a definite succession of events in the 
process. The sow may allow the pigs to suckle for some time 
without giving milk. After sufficient stimulation by the root¬ 
ing, squealing j>igs she begins grunting in a characteristic 
manner, easily understood and recognized by an experienced 
operator. Suddenly the milk starts coming and flows freely. 
The pigs cease their rooting and clamoring, settle back and 
suckle. This continues for about CO seconds when the milk 
flow ceases as suddenly as it began. 

Considering these facts, the operator must govern himself 
accordingly. He proceeds to the sow quietly so that she is 
not disturbed. When the milk flow begins he must work 
quickly, keeping a pig away from the teat from which the 
sample is being taken. Samples of 30 to 50 cc. are often 
obtained from a single gland. 

Samples of colostrum are more readily obtained than normal 
milk. During parturition and before the newborn pigs suckle, 
the operator proceeds quietly to the sow and obtains a sample 
in a similar manner as one would milk a cow. Pressure 
exerted approximately in the center of the mammary gland 
system seems to aid in making the colostrum flow more freely. 
After the samples were drawn they were immediately placed 
in an ice box and kept for analysis. Attempts were made 
to obtain samples by using a breast pump and a small milking 
machine with poor success. 
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The total production of a sow was obtained by allowing the 
pigs to suckle at definite intervals of time for a 24-hour period. 
The pigs were weighed before and after suckling and the 
increase in weight was taken as a measure of the milk secreted 
for that period. This was done every 10 days and was con¬ 
sidered the average yield for the 10 days. In the early stages 
of lactation the pigs were allowed to suckle every 2 hours; 
later during the production test each 4 hours; and near the 
end of lactation the intervals were increased to 6 hours each. 

METHODS OP ANALYSIS 

Total solids were obtained by evaporation on a steam bath 
and then drying in an oven at about 90° C.; ash was determined 
by ashing the dried sample in an electric muffle at about 
500°C. More difficulty was experienced in ashing colostrum 
than normal milk. Calcium was determined by dissolving the 
ash in dilute HC1 and transferring to a volumetric flask. 
Various sizes of volumetric flasks were used, according to the 
weight of the ash. Koughly, the desired concentration was 
about 0.04 gm. ash in a 50 cc. volumetric flask. An aliquot of 
2 cc. was taken and put into a 15 cc. centrifuge tube. To be 
sure the solution was at the correct pH, brom cresol purple 
was used as an indicator. From this point the Clark-Collip 
(’25) modification of the method of Kramer and Tisdall for 
determining the serum calcium of blood was used. Phosphorus 
was obtained by using a 1 cc. aliquot of the same solution, after 
which the procedure used was the same as in the method of 
Fiske and Subbarow (’25) for determining the inorganic 
phosphorus in blood serum after the blood proteins had been 
precipitated. Fat was determined by the Babcock test, except 
when the sample was small, in which case the ether extract 
method was employed. Protein was found by obtaining the 
nitrogen by the Kjeldahl method and multiplying by the 
factor 6.38. 
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COMPOSITION OF SOW’S MILK 

The composition of colostrum and normal milk was studied. 
Colostrum was considered to be that produced during the 
first 60 hours after parturition and normal milk that produced 
from 96 hours after farrowing until the end of lactation. Be¬ 
tween these designated times, a change takes place in the 
composition of the secretion that has been termed ‘transition 
milk.’ The percentage composition of these types of milk as 
presented by other workers is presented in tables 2 and 3. 
The percentage of total solids and protein of colostrum in 
table 2 are much higher than in normal sow’s milk in table 3; 


TABLE 2 

Composition of colostrum 


; 

NUMBER | 
OF SOWS 

TOTAL* 

1 SOLIDS 

FAT 

i 

! PROTEIN 1 

MILK 

SUGAR 

ASH 

REPORTED BY 

1 

1 

per cent 

per cent 

per cent 

per cent 

per cent 


1 

29.87 

9.53 

15.56 

3.84 ! 

0.85 

von Gohren (1865) 

2 

24.66 

4.04 

15.86 

1.77 

0.71 

Ostertag and Zuntz (*08) 

19 

.... j 

6.43 

.... 

.... 

... 

Hempel and Ohligmacher* 

11 

.... 

... 

16.27 

... 

... 

Ohligmacher* 

Average 

26.40 

6.85 

16.16 

2.46 

0.76 



1 In arriving at the amount of protein von Gohren and Hempel and Ohligmacher 
used the factor 6.25, while Ostertag and Zuntz used 6.37. 

* Reported by Schmidt and Lauprecht ('26). 


and while the fat content varied within wide limits, the aver¬ 
age was 6.35 per cent., Ostertag and Zuntz (’08) found the 
albumin and globulin content of colostrum was exceedingly 
high, being nearly twice that of the casein. They reported 
casein as 4.69 per cent and the albumin and globulin taken 
together as 9.09 per cent. Hempel and Ohligmacher 1 obtained 
a fat content of 7.38 per cent from ten sows with their first 
and second litters, while nine sows in their third and sixth 
lactations showed a content of 5.38 per cent. Hempel reported 
the fat content of colostrum taken from any one nipple varied 
little in an individual sow. Ohligmacher found the protein 

1 Reported by Schmidt and Lauprecht (’26). 
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content of colostrum was 16.27 per cent; that the percentage 
of protein falls rapidly—at the end of 2 days after parturition 
the average of three sows was 7.25 per cent. The same worker 
found four sows during a 10 weeks’ lactation period fed a 
high-protein diet produced milk that contained 7.83 per cent 


TABLE 3 

Composition of normal milk 


NUMBER 

OF 

SOWS 

NUMBER 

OF 

SAMPLES 

TOTAL 
SOLI ns 

FAT 

; 

PROTEIN 1 

MILK 

SUGAR 

ASH 

■■ 

REPORTED BY 



per cent 

per cent 

per cent 

per cent 

per cent 


2 

2 

13.87 

1.48 ! 

7.91 

2.65 

1.14 

Scheven 8 

1 

o 

35.15 

2.98 1 

9.29 

2.19 

0.79 

von Gohrcn (1865) 

1 

1 

17.07 

6.88 

6.89 

2.01 

1.29 

Lintncr* 

2 

3 ! 

18.23 

5.59 

5.89 

5.58 | 

0.87 

Came»on 8 

1 

1 

17.54 

9.23 

5.09 

1.68 ! 

1.53 

Ivon 8 

12 

17 

.... 

7.56 

... 

... 

... 

Petersen and Oetken (1896 a) 

8 

9 

j .... 

5.03 


i 

... 

Petersen and Oetken (1896 b) 


°2 1 

.... 

6.59 

... 

... ' 

... 

Petersen and Oetken (1897) 

4 

7 

19.08 

7.06 

6.20 

4.75 

1.07 

Henry and Woll (1897) 

5 

r j 

0 1 

17.72 

5.97 

5.12 

5.81 

0.82 

Woll (1899) 

1 

1 1 

14.58 

4.55 

: 5.60 

3.34 

1.09 

Ramoet and Braun 8 

12 

24 

19.49 

6.89 

! 6.06 

5.64 

0.98 | 

Carlyle (TO) 

1 

1 

16.74 

! 5.41 

4.76 

5.49 

1.08 

Davies (*04) 

2 

0* 

| 15.84 

5.01 

5.54 

4.59 

0.63 

Ostertag and Zuntz (*08) 

1 

1 


j 3.68 

7.93 

4.00 

... 

Folin, Dennis and Minot (*19) 

.. 

354 


6.99 

... 

... 


Hempel and Ohligmacher 4 


66 



6.25 



Ohligmacher 4 

Aver. 


18.18 

6.85 

6.19 

5.00 

0.98 



1 Iu arriving at the amount of protein, Hempel and Ohiigmacher and Ohligmacher 
used the factor 6.25, Ostertag and Zuntz 6.37. 

a Analyses by Ostertag and Zuntz based on six samples for total solids and fat; live 
for protein; and one for milk sugar and ash. 

3 Reported by Konig (TO). 

4 Reported by Schmidt and Lauprecht ('26). 


fat and 7.56 per cent protein, whereas seven sows fed a low 
protein diet gave milk with 6.63 per cent fat and 5.15 per cent 
protein. Normal sow’s milk was found to contain (by these 
workers) 18.18 per cent total solids, 6.85 per cent fat, 6.19 
per cent protein, 5.00 per cent milk sugar and 0.98 per cent 
fat. The average specific gravity of thirty-seven samples 
found reported was 1.0402. 
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In table 4 there is presented the analysis of colostrum and 
normal sow’s milk as obtained in 1933 and 1934 at this station. 
The figures of the various components of colostrum vary 
somewhat from those in table 2; however, these differences, 
except for the percentage of fat, might be explained on the 
variation in time of taking the samples. Of the total number 
of samples of fat reported in table 2, nineteen were by Ohlig- 
macher. The sows he was working with no doubt were higher 
fat producers than those in this station’s herd. 


TABLE 4 


Percentage com jiom turn of colostrum and normal sow’s milk as cUtermincd at the 
California Experiment Station 


1 

TIMK OF TAKINfl 

SAMPLE 

NUMBER 1 

OF 

sows 

TOTAL* 

so Lins 

FAT 

\ 

PROTEIN 2 ! 

1 

1 

l 

ASH 


Colostrum 




During parturition 

; 13 

31.86 (13)’ 

5.14 (7) j 16.64 (7) | 

0.61 (13) 

10 to 40 hours after parturition 

7 

23.50 (10) 

i 5.47 (6) | 

1 12.58(0) 1 

10.69 (10) 

A verage 

i 

SSJS3 

; 5.29 

! U.77 

\o.64 

4 to 7 days after parturition 

Normal milk 

13 ! 18.39 (18) 

5.50 (9) 

5.57 (9) 

0.77 (18) 

15 to 45 days after parturition 

8 

16.58 (20) 

4.90 (10) 

5.95 (10) 

0.99 (20) 

50 to 80 days after parturition 

7 ! 

18.76 (12) 

5.61 (6) 

8.13 (6) | 

1.20 (12) 

Average 

.i 

1?.7€ 

5.M 

C.S4 

0M 


1 The numbers in parenthesis indicate the number of samples available to arrive 
at the average figure. 

3 The factor 0.38 was used in determining the percentage of protein. 


Attention is called to the rapid change in the colostrum milk, 
particularly in the percentage of total solids and protein. 
Samples drawn during parturition contained 31.86 per cent 
total solids and 16.64 per cent of protein, while an average 
of milk taken from 10 to 40 hours later contained 23.50 per 
cent total solids and 12.58 per cent protein. There was a 
slight increase in the per cent of ash after parturition. 
Colostrum was found to be higher in total solids and protein, 
lower in ash, and slightly lower in fat than normal milk. 
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The percentage composition of normal milk as obtained at 
this station, given in table 4, is similar to the average of 
those reported by other workers in table 3, except that 
the fat content is materially lower. The individual differ¬ 
ences of the sows under test probably account for this. 


TABLE 5 

Composition of the ash of colostrum and normal milk of the sow as determined at the California 

Experiment Station 


TIM® or TAKING 
SAMPLE 

NUMBER 

or 

SOWS 

NUMBER 

or 

SAMPLES 

ASH IN 
PER 
CENT 

! 

ASH AS 
PER 

CENT or 
TOTAL 
SOLIDS 

CALCIUM 
AS PER 
CENT OF 
ASH 

PHOS¬ 
PHORUS 
AS PER 
CENT OF 
ASH 

CALCIUM 
AS PRiR 
CENT OF 
MILK 

PHOS¬ 
PHORUS 
AS PER 
CENT OF 
MILK 

CALCIUM- 

PHOS¬ 

PHORUS 

RATIO 


Colostrum 


During parturition 
10 to 40 hours 

13 

13 

0.61 

1.97 

9.17 

12.99 

0.055 

0.078 

1:1.42 

after parturition 

7 

10 

0.69 

2.93 i 

15.33 

13.14 

0.104 

0.089 

1:0.86 

Average 



0.64 

2.39 

11.85 

13.06 

0.076 

1 0.0S3 

1:1.18 


Normal milk 


4 to 7 days 
after parturition 

13 

18 

0.77 

4.22 

24.79 

15.81 

0.194 

0.122 

1:0.64 

15 to 45 days 
after parturition 

8 

20 

0.99 

6.02 

25.96 

15.36 

0.257 

' 0.152 

1:0.59 

50 to 80 days 
after parturition 

7 

12 

1.20 

6.37 

27.67 

16.22 

0.331 

0.194 

1:0.59 

Average 



0.96 

5.46 

25.95 

15.63 

0.252 

0.151 

1:0.61 


COMPOSITION OF THE ASH 

The total ash and the calcium and phosphorus content of 
twenty-three samples of colostrum and of fifty samples of 
normal sow’s milk were determined. The average figures for 
these determinations as made at this station are reported in 
table 5. An examination of this table reveals certain definite 
differences in the total ash as well as differences in total 
amounts of calcium and phosphorus between colostrum and 
normal milk. There was a significant change in the calci um 
and phosphorus ratio and in the relation of ash to total solids 
between the milk given early and that produced later in the 
lactation period. 
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The total ash and the ash figured as per cent of total solids, 
increase steadily during lactation. The content of calcium 
in colostrum taken during parturition is only about one-third 
that of normal milk. It increases rapidly during the first 
few days of lactation. While there is less phosphorus in 
colostrum than in normal milk, the difference is only a slight 
one as compared to the difference in calcium concentration. 
Milk taken during parturition actually contained more phos¬ 
phorus than calcium. The average of eight samples, taken 10 
to 40 hours later, shows a rapid increase in calcium; however, 
two of the eight samples taken about 20 hours after parturi¬ 
tion still showed a higher phosphorus than calcium content. 
The calcium and phosphorus content of the milk and similarly 
of the ash showed a slight increase late in lactation. The 
calcium-phosphorus ratio as found in these studies was 1:1.18 
for colostrum and 1:0.G1 for normal milk. 

DISCUSSION 

A comparison of the average composition of the milk of the 
sow with those reported by the associates of Rogers (’28) for 
the milk of various mammals shows sow’s milk to be higher 
in total solids than that of the human, cow, and horse, similar 
to that of the goat, and lower than that of sheep. In protein 
content it exceeds that of any of the species reported; the 
fat content is comparable to that of the sheep and the goat, 
but is in excess of the milk of the human, cow, and horse. The 
lactose or milk sugar content is similar in these species. The 
ash content is about the same as that of the sheep, slightly 
greater than that of the goat, about one-third greater than 
that of the cow, and about three times greater than that of 
human and mare’s milk. In composition the normal milk of 
the sow is more comparable to that of the ewe than of the 
other mammals. The young of both species double their birth 
weight in a relatively short time which may in part be a 
reason for this similarity. Changes occurring from colostrum 
to normal milk are similar in the human, the horse (Linton, 
’31), the cow and the sow. Soon after parturition there is a 
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distinct and decided decrease in the total solids and protein 
of the species mentioned. In the cow, mare and sow the change 
is rapid. As lactation progresses there seems to be a slight 
increase in percentage of fat of the milk of the mare and sow, 
with a decrease in cow’s milk. In the material reported, with 
the exception of the milk of the sow, there is a slight and 
steady decrease in the ash content. The ash of sow’s milk is 
low in colostrum and increases slightly from colostrum to 
normal milk and continues to increase at a slow rate through¬ 
out the lactation period. 

Richmond (’20) reports that the ash of cow’s milk contains 
14.48 per cent calcium and 12.81 per cent phosphorus, that 
calcium in the milk varies from 0.094 to 0.150 per cent and 
phosphorus from 0.084 to 0.128 per cent. Babcock and Leach 
(’20) have shown the calcium and phosphorus content of the 
ash of the milk of the cow to be, respectively, 14.30 per cent 
and 10.61 per cent. Widdows et al. (’30), working with 
human milk, reported that an average of 154 samples con¬ 
tained 0.035 gm. of calcium in 100 cc. of milk and seventy-three 
samples contained 0.018 gm. of phosphorus in the same 
quantity. They show an increase in Ihe calcium and phos¬ 
phorus from the first week to the second and fourth months 
and then a decrease, particularly in the calcium. They found 
an ash content in 100 cc. of milk of 0.289 gm. during the first 
2 weeks, 0.243 gm. from the second to the fourth month and 
0.181 gm. from the eighth to the twelfth month, a gradual 
decrease during the early and a rapid decrease in the latter 
part of lactation. 

While the total solids and protein of sow’s milk fall rapidly 
immediately after parturition, the percentage of ash begins to 
increase and continues to do so through lactation. During 
parturition the calcium content of the ash of colostrum, when 
it is compared with that of normal milk, is exceedingly low 
and it immediately increases in percentage with the decrease 
of total solids and protein. The percentage of phosphorus in 
the ash is lower in colostrum than in normal milk, but the 
difference is slight compared to that of calcium. The ratio 
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of calcium to phosphorus as determined in these studies 
changes rapidly from a phosphorus content in excess of that 
of calcium during parturition to a ratio of about 1: 0.60 about 
a week later, the ratio remaining constant thereafter. 

SUMMARY 

Sows produce about 6.8 pounds of milk per day for an 
average lactation period of 8 to 12 weeks. 

The averages for the constituents of colostrum as deter¬ 
mined in these studies were: total solids 28.02 per cent, fat 
5.96 per cent, protein 15.49 per cent, and ash 0.65 per cent. 

The averages for normal milk as obtained were: total solids 
17.98 per cent, fat 6.77 per cent, protein 6.22 per cent, and 
ash 0.97 per cent. 

The average calcium and phosphorus content of colostrum 
of sow’s milk as found at this station were 0.076 per cent and 
0.083 per cent, respectively; while for normal milk they were: 
calcium 0.252 per cent and phosphorus 0.151 per cent. 

Like cow’s milk, the milk of the sow, at parturition, contains 
large quantities of total solids and protein, but both fall 
rapidly immediately thereafter. 

The ash content of sow’s milk is relatively low at parturi¬ 
tion and increases during lactation. 

The calcium and phosphorus content of normal sow’s milk 
is higher than that reported for the human or the cow. 
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The disordered metabolism of calcium and phosphorus in 
hyperparathyroidism has been studied intensively since Mandl 
(’26) found that a case of generalized osteitis fibrosa (Reck¬ 
linghausen) was improved by removal of a parathyroid tumor. 
The literature dealing with metabolic and other phases of the 
subject has been reviewed by Barr and Bulger (’30) Hunter 
(’31) and by Jaffe (’33). 

Criteria upon which a presumptive diagnosis of parathyroid 
tumor may be made are now well recognized. Briefly stated, 
these are: hypercalcemia, hypophosphatemia, hypercalcinuria 
and x-ray evidence of generalized bone disease which in the 
milder or earlier cases may be nothing more than thinning of 
the bones and osteoporosis, while in the more advanced stages 
multiple bone cysts or giant cell tumors occur. 

The opportunity to study some aspects of the metabolism of 
inorganic salts in a patient with osteitis fibrosa, from whom 
a parathyroid tumor was subsequently removed at operation 
prompted the present report. The details of the clinical his¬ 
tory have been given in a separate communication (Morton, 
’33) and need not be repeated here, except to state that the 
diagnostic criteria mentioned in the preceding paragraph were 
fulfilled. 

1 Aided by a grant from the Fluid Research Fund of the Rockefeller Foundation. 
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METHODS 

Balance studies were conducted in the metabolism unit of 
the hospital under carefully controlled conditions. During the 
greater part of the experiment the diet received by the patient 
was sampled and analyzed in order to determine intake. The 
methods employed in analysis of food and excreta have been 
reported in detail previously (Bassett, Elden and McCann, 
’31; Bassett and Van Alstinc, ’35). Calcium of the serum 
was determined by Clark and Collip’s (’25) modification of 
the Kramer and Tisdall procedure; inorganic phosphorus was 
determined by the method of Kuttner and Cohn (’27). Meta¬ 
bolic periods were 6 days in length. Balances of nitrogen, 
calcium, magnesium, sodium, potassium, phosphorus and 
chlorine were computed for each period. 

Two types of diet were used. The first contained an 
abundant supply of calcium and phosphorus; the second was 
deficient in calcium, but contained a moderate amount of 
phosphorus. By causing the patient to ingest each of these 
diets in turn for a sufficient length of time, it was hoped that 
the severity of the metabolic disturbance could be evaluated 
and that the information thus obtained would serve as a guide 
for subsequent therapy. Average daily intakes of protein, 
carbohydrate, fat, calcium and phosphorus; the Ca:P ratio; 
excess of acid or base in the ash of the food and calories for 
each diet are recorded in table 1. In order to avoid any 
marked gain or loss in weight, the caloric intake was adjusted 
to the energy expenditure of the patient in such a manner 
that it provided for her basal requirement and allowed a 
sufficient surplus to permit a moderate amount of bodily 
activity. Weight fluctuated within a comparatively narrow 
range (48.5 to 51.6 kg.). Her general health was excellent 
at all times. 

METABOLISM OF CALCIUM AND PHOSPHORUS 

Balances of calcium and phosphorus during periods in which 
the high and low calcium diets were ingested are shown in 
figure 1. Each element has been expressed in equivalents of 
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N/10 solution, in order that the rather close relationship be¬ 
tween retention of calcium and phosphorus in the body or their 
loss from it may be more clearly appreciated. In construct¬ 
ing figure 1, the phosphorus balance has in each instance been 
corrected for retention or loss of phosphorus with nitrogen 
after the method described by Aub et al. (’29). The partition 
of calcium and phosphorus between urine and feces is shown 
in the data assembled in table 2. During control periods 

TABLE 1 


Average daily intake of food, calcium and phosphorus , including Ca:P ratios 
and the estimated excess of acid or hose in the ash of the food 


DIET 

PROTEIN 

CAEBO- 

HYDRATE 

£ 

h 

K 

s 

s 

< 

O 

* 

p 

§ 

< 

o 

PHOSPHORUS 

2* 

<5 

PS 

G 2 
< «r" 

_ 0Q^ 

* «fl % 

u B • 

U QJ M 

So* 

M 

REMARKS 


gm. 

gm. 

gm. 


gm. 

gm. 












Base 

Control periods 11,12, 

High 

78 

178 

109 

2059 

1.42 

1.80 

0.79 

+ 214 

13,17 and 18 

calcium 



i 

i 

i 




Add j 

Sodium acid phospha te 


78 

178 

109 

| 2059 

1.42 

3.87 

0.36 + 319 

periods 14,15 and 16 




i 





Acid 

Controls periods 19, 20 

Low 

50 

179 

137 

! 2226 

0.148 

0.706 

0.21 

+ 164 

! 21, 25 and 26 

ffilcinni i 








Acid 

Calcium salts and acid 

vU 44111 1 

50 

179 

137 

2226 

1.48 

2.80 

0.53 

+ 38 

phosphate—periods 

i 









22, 23 and 24 


1 The acidifying effect of ingestion of sodium acid phosphate and the alkalinizing 
effect of calcium lactate and gluconate have been included in estimating the excess 
of acid or base in the food. The high Ca and P intake shown in periods 22, 
23 and 24 was due to superposition of calcium lactate, calcium gluconate and 
sodium acid phosphate on the low calcium diet. 

the retentions of both elements diminished in successive 
periods, although the intake of each remained essentially 
constant. 

Effect of ingestion of NaIIJ y 0*JI>0 on balance. The ad¬ 
dition of sodium acid phosphate to the diet in the amounts 
indicated (fig. 1 and table 2) caused a considerable increase 
in the retention of both elements. The immediate effect was 
to produce a large increase in the retention of phosphorus 
in excess of the amount which could have combined with 
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DIET AND MEDICATION 



PERIODS 

I 23-4 56789 10 11 12 13 14 15 16 17 18 19 20 ?l 22 73 24 25 26 



Fig. 1 Only the amounts of calcium or phosphorus retained in or lost from 
the body are shown in the graph. Phosphorus has been considered trivalent and 
each balance has been corrected for phosphorus presumably retained or lost with 
nitrogen (Aub et al., ’29). 
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calcium to form Ca 3 (P 0 4 ) 2 and to decrease the excretion of 
calcium in the urine. When the administration of acid phos¬ 
phate was continued in consecutive periods (14 to 16) the 
excretion of phosphorus in the urine gradually increased and 
the retentions of phosphate decreased. In the first control 
period which followed (period 17) comparatively little phos¬ 
phorus was retained and the retention of calcium also de¬ 
creased, but not to a similar extent. The inequalities in the 
retention of calcium and phosphorus in individual periods 
show that either one may be retained for a time in excess of 
the other. However, when the total retentions of each ele¬ 
ment were compared over a longer interval of time (periods 
11 to 18, inclusive) it was found that 30.78 gm. of calcium 
and 15.27 gm. of phosphorus (excluding phosphorus deposited 
with nitrogen) were retained. The Ca:P ratio was 152 ? = 
2.01 which is almost identical with the Ca: P ratios found in 
bone. 

Effect of sodium acid phosphate on concentrations of 
calcium and inorganic phosphorus in the serum. Hypercal¬ 
cemia was at no time extreme; on the other hand, very low 
values of inorganic phosphorus in serum were frequently ob¬ 
served (table 3). As Bulger, Dixon, Barr and Schregardus 
(’30) and Albright, Bauer, Claflin and Cockrill (’32) have 
shown, the high values of calcium could be reduced toward 
normal and the low values of inorganic phosphorus were in¬ 
creased by the administration of acid phosphate. These 
effects, as Albright and collaborators noted, were dependent 
upon the amount of acid phosphate administered. Large 
doses of phosphate (period 7) caused the inorganic phos¬ 
phorus of the serum to rise and the level of calcium in serum 
to fall nearly to normal. When approximately half of this 
large dose was employed (period 9) the effect on the levels of 
Ca and P in the serum was less pronounced. In both instances 
there was increased retention of calcium and phosphorus in 
the body; the larger dose produced the more marked reten¬ 
tion. In general, then, the effects of administration of acid 
phosphate were similar to those noted by others who have 



TABLE 2 

Exchanges of nitrogen , calcium, phosphorus and magnesium 
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Legend: U = urine, F = feces, T = total. Signs: -{-retention in body; —loss from body. 
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used salts of orthophosphoric acid in this condition. The 
only unusual feature of this phase of the experiment ap¬ 
pears to have been the large amounts of calcium and phos¬ 
phorus which were retained when these elements were fur¬ 
nished in rather high concentrations in the diet. Inspection of 
table 2 shows that from one-third to one-half of the calcium 
ingested during periods 11 to 18 was deposited in the body. 

Effect of a low calcium diet. The effect of decreasing the 
calcium of the food from 1.42 gm. to 0.15 gm. per diem re- 


TABLE 3 


PERIOD 

6 DAYS 

Ca in 

SERUM 

MO./ 

PER CENT 

INORGANIC 
P IN 
SERUM 
MO./ 

PER CENT 

TOTAL 

SERUM 

PROTEIN 

OM./ 

PER CENT 

Ca x P 
PRODUCT 

CALCIUM 

BALANCE, 

OM. 

COMMENT 

2 

13.30 (6) 

2.38 (6) 

7.66 (6) 

31.6 (6) 

+ 3.66 

High calcium- 
phosphorus diet 

4 

13.6G (6) 

1.57 (6) 

6.51 (6) 

21.4 (6) 

l 

+ 2.21 

High calcium- 
phosphorus diet 


lT.35~(2) 

3.59 (27 1 

6.75 (2) 

41 (2) 

+ 4.60 

As above + 108 gm. 


11.17 (4) 

3.02 (4) 

[ 6.73 (4) 

33.7 (4) 


NaH 2 P0 4 .H a 0 

~ 8 

14.00 (3) 

1.65~(3) 

! 7.22 (3) 

23 (3) 

+ 2.66 

Phosphate omitted 

9 

14.29(1) 

r.54~(i> 

7.84 (1) 

22 (1) 


As above + 52.8 gm. 


12.00 (4) 
12.18 (6) 

2.40 (4) 
1.96 (6) 

7.64 (4) 
8.14 (6) 

28.8 (4) 

23.9 (6) 

+ 3.36 

NaII 2 P0 4 .H 2 0 

10 

12.44 (2) 

1.63 (2) 

6.67 (2)" 

20.3 (2) 

+ 2.16 

Phosphate omitted 


Numbers in parenthesis show day of period on which sample of blood was taken. 
Values for first day of period were obtained prior to administration of sodium 
acid phosphate in that period. 

+ = Calcium retained. 


suited as had been expected in a loss of calcium, presumably 
from the bones. The phosphorus balance ran essentially 
parallel with the calcium balance, although there was no 
absolute deficit of phosphorus in the food (table 1). A more 
surprising feature of this phase of the experiment was the 
fact that more phosphorus was lost than the loss of calcium 
seemed to warrant, assuming, of course, that these elements 
were being withdrawn from the bones. This excess loss of 
phosphorus was not due to a negative nitrogen balance, since 
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the patient remained essentially in nitrogen equilibrium. 
Calcium and phosphorus in the form of calcium lactate and 
calcium gluconate and acid sodium phosphate were now added 
to the ration in amounts sufficient to provide a level of intake 
comparable to that which had been given when the high 
calcium-phosphorus diet was ingested. Calcium was given 
at first as the lactate, but was discontinued and equivalent 
amounts of gluconate were substituted when it was found that 
calcium lactate produced nausea. Care was taken not to give 
the calcium and phosphorus salts together. The calcium was 
administered in divided doses and given with the meals. 
Phosphate was given four times daily and at least 2 hours 
before or after a meal. At this higher level of intake both 
elements were retained. Again the balances paralleled each 
other, but more phosphorus was retained than could have 
been utilized in the formation of Ca3(P0 4 ) 2 . With the omis¬ 
sion of salts of calcium and phosphorus in the final control 
periods, the findings noted in the initial control periods were 
duplicated. Increasing the amounts of calcium and phosphorus 
in the ration (periods 22, 23 and 24) produced little change 
in the concentrations of Ca and inorganic P in the serum, yet 
the differences in urinary and fecal excretion of the two ele¬ 
ments were of interest. The excretion of calcium in the 
urine was at the lowest level observed and the excretion in the 
feces which had previously been at an extraordinarily low 
level was markedly increased. The increased excretion of 
fecal calcium was probably due for the most part to calcium 
which had escaped absorption. While it is a temptation to 
speculate concerning possible reasons for the relatively poorer 
absorption of these salts (calcium lactate and gluconate) than 
of the calcium of the food, the data at hand are not sufficiently 
complete to permit conclusions to be drawn. 

The partition of phosphorus between urine and feces re¬ 
mained essentially unaltered. The ratio, phosphorus in urine: 
phosphorus in feces was 5.5:1 in control periods and 5.9:1 
at the higher level of intake of calcium and phosphorus. 
Throughout the entire experiment the excretion of phosphorus 
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in the feces seems to have shown a tendency to parallel the 
amount of phosphorus in the ration and to have been fairly 
independent of the excretion of calcium in the feces. The 
latter observation is in agreement with the opinion expressed 
by Bulger and collaborators (’30, ’31). 

Magnesium. The nature of the bone lesions in hyperpara¬ 
thyroidism is such that one would expect to find the concentra¬ 
tion of magnesium salts in bone reduced as are those of 
calcium. In a patient studied by Wilder (’29) the amount of 
magnesium in a specimen of bone removed at biopsy was 
normal, while the organic matter was increased and its con¬ 
tent of calcium and phosphorus was definitely decreased. 
Bulger and Gausmann (’33), in a balance experiment, demon¬ 
strated a tendency for an individual with hyperparathyroidism 
to lose magnesium from the body. When a parathyroid tumor 
was removed, large amounts of calcium, phosphorus and 
magnesium were retained. No consistent changes in the con¬ 
centration of magnesium in the blood were observed. 

Data on the exchanges of magnesium in our patient are 
shown in figure 2 and table 2. Attention is called to the fact 
that, 1) approximate equilibrium between intake and outgo 
of magnesium was attained in periods 1 to 10 during which 
considerable amounts of calcium and phosphorus were stored; 
2) that at a slightly higher level of magnesium intake (periods 
11 to 19), there was retention of magnesium and, 3) that when 
the shift was made to the diet deficient in calcium (periods 
19, 20 and 21), although there was coincidently a reduction in 
the intake of magnesium, no loss of magnesium from the body 
occurred. The exchanges of magnesium, therefore, showed 
considerable independence of the calcium in the food and of 
the calcium balance. 

The administration of sodium acid phosphate affected the 
partition of magnesium between urine and feces. Large doses 
of phosphate produced a decrease in the excretion of mag¬ 
nesium in the urine (periods 7, 9, 14, 15 and 16) which was 
partly offset in some periods (9, 15 and 16) by an increased 
excretion of magnesium in the feces. The large fecal excre- 
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tion of base (particularly calcium) in periods 22, 23 and 24 
seems to have prevented an increase in the excretion of fecal 
magnesium (fig. 3). The quite definite decrease in urinary 
magnesium in these periods (presumably produced by phos¬ 
phate) resulted in retention of magnesium. While these ob¬ 
servations do not point to any characteristic abnormality in 


Diet ano Medication 




Fig. 2 Magnesium balance expressed as milliliter of N/10 solution (units of the 
scale X 10*). 

the partition of magnesium between urine and feces in hyper¬ 
parathyroidism, nor to an excessive loss of this metal from 
the body during the course of the disease, we have subse¬ 
quently been able to show that removal of a parathyroid 
tumor from the patient was followed by retention of consider¬ 
able amounts of magnesium. 
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Sodium and potassium. Approximate equilibrium between 
intake and outgo of sodium and potassium was maintained 
throughout the experiment. Small positive and negative 


Diet and Medication 

- MICH CA AND P OlET-.... 


"1 

A0+ 


-«•- - LOW CA DIFT - 


1 NAH j P0 4 h,o- 


CA LACTATE - 

CA GLUCONATE 



Relationship Bettneen Fecal Phosphorus (twqashj 
and 

Fecal Fiaed Base 


N/ WEIGHT or AIR 

ml Ao dried teces 

44fl0* 



M 12 13 » 15 14 IT 16 19 20 21 22 23 24 25 


Fig. 3 Excretion of fixed base and phosphorus in the feces expressed as milli¬ 
liter of N/10 solution. (Units of scale X 10 3 ). Phosphorus has arbitrarily been 
considered trivalcnt. 
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balances occurred in individual periods. Some degree of cor¬ 
relation was observed between balances of sodium (when 
calculated as extracellular water) and the fluctuations which 
occurred in body weight. A similar correlation between small 
retentions and losses of potassium and changes in the weight 
of the body could not be demonstrated. 


TABLE * 

Effect of administration of sodium acid phosphate on sodium excretion in urine 


PERIOD 

i 

SODIUM i 
EXCRETION 
IN URINE 
ML. N/10 

SODIUM EXCRE¬ 
TION IN EXCESS 
OP OONmOL 
ML. N/10 

EXTRA SODIUM 
GIVEN WITH 

NftII 4J P0 4 .H Ji 0 
ML. N/10 

MEDICATION 

Average of 12 
and 13 

1 

7,560 



None 

14 

11,890 

4,330 

3,869 

NaH a P0 4 .H 2 0 52.29 gm. 

15 

! 11,780 

4,220 

4,056 

NaHjP0 4 .H a O 55.96 gm. 

10 

12,525 

4,965 

4,043 

NaH a P0 4 .H 3 0 55.82 gm. 

17 

7,510 

— 50 


None 

Totals for 14, 
15,16 and 17 


13,465 

11,959 


Average of 21 
and 26 

! 1 .. 

5,376 



None 

22 

9,008 

3,632 

i 

4,039 

Calcium lactate 60 gm. 
NaII 2 P0 4 .H 2 0 55.78 gm. 

23 

9,504 

4,128 

4,074 

Calcium gluconate 90 gm. 
Na IT 2 P0 4 .H 2 0 56.23 gm. 

24 

8,839 1 

i 

i 

3,463 

4,087 

i 

Calcium gluconate 90 gm. 
Nair 2 P0 4 .H*0 56.40 gm. 

25 

6,026 j 

650 


None 

Totals for 22, 
23, 24 and 25 | 

1 _j 

! 11,873 1 

12,200 



‘Control periods: periods 12 to 17, inclusive, high calcium diet; periods 21 to 25, 
inclusive, low calcium diet. 


The excretion of potassium was not affected by the ingestion 
of as much as 18 gm. of sodium acid phosphate per diem for 
6 days. 

Extra sodium administered as the acid phosphate was al¬ 
most quantitatively excreted in the urine (table 4) either dur¬ 
ing the period in which it was ingested or during the first 
after period. 
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Fecal sodium was not materially increased during periods 
of ingestion of phosphate (fig. 3), although, as previously 
stated, the absolute amount of fecal phosphorus was consider¬ 
ably increased. We have found that a normal subject, while 
ingesting a similar diet, failed to show an increased excretion 
of sodium in the feces even when the amount of fecal phos¬ 
phorus was more than doubled by administration of sodium 
acid phosphate. This seems to disprove the contention of 
Salter, Farquharson and Tibbetts (’32) that the administra¬ 
tion of sodium orthophosphate leads to the excretion of con¬ 
siderable amounts of disodium phosphate in the feces. 

Balance of acid and base in urine. The data on excretion 
of acid and base in the urine are represented graphically in 
figure 4. Since organic acids and bicarbonate were not actu¬ 
ally determined, it has been assumed that they were equal to 
the difference between the sum of the basic components and 
the total excretion of inorganic acids. No distinctive features 
were noted in control periods other than the unusually large 
excretion of calcium and phosphorus. The changes in urinary 
acid and base produced by the administration of NaHoPO^ILO 
were similar to, if not identical with, those described by 
Farquharson, Salter and Aub (’31) in urine of normal sub¬ 
jects who ingested acid phosphate. In brief, it may be stated 
that in uncomplicated hyperparathyroidism the excretion of 
acid and base in the urine conforms closely to the normal pat¬ 
tern. This substantiates the work of Albright, Bauer and Aub 
(’31). 

DISCUSSION 

Sodium and potassium. Greenwald (’29) has suggested that 
the retention of base (sodium and potassium) which follows 
parathyroidectomy may be due to a disturbance of renal func¬ 
tion brought about by the lowered concentration of calcium 
in the serum. Experiments of Albright and Ellsworth (’29) 
and Ellsworth (’32) strongly suggest that parathormone has 
an effect on renal function, since a diuresis of phosphorus and 
lowering of the concentration of inorganic phosphorus in the 
serum promptly follow injection of the hormone. These ef- 
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Fig. 4 Acid-base balance in urine expressed as milliliter of N/10 solution. (Units of scale X 10 3 .) The organic 
acid (O.A.) and bicarbonate have been estimated as the difference between the sum of the cations, which include 
ammonia and titratable acid, and the sum of the anions Cl, P and S0 4 . 
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fects were noted prior to an increase in the concentration of 
calcium in the serum and hence the latter is presumably not 
responsible for alteration of kidney function. The results of 
their experiments have led them to postulate a lowered renal 
threshold for phosphorus as perhaps the most fundamental 
effect of the parathyroid hormone. Further evidence that the 
disturbance in the equilibrium of electrolytes produced by ex¬ 
cessive excretion of phosphorus and calcium is accompanied 
by changes in the balances of other inorganic salts has been 
furnished by Albright, Bauer and Aub (’31). They produced 
hyperparathyroidism in a patient with myositis ossificans by 
injections of parathormone and observed some increase in the 
excretion of water, base (in addition to calcium) and chloride. 
A reversal of these phenomen occurred when the injections of 
the hormone were discontinued. In so far as the present study 
of uncomplicated hyperparathyroidism is concerned, we were 
unable to demonstrate any tendency toward excessive excre¬ 
tion or retention of sodium, potassium or chlorine, nor were 
there any alterations in the normal partition of these elements 
between urine and feces. Our results are not incompatible 
with the observations of Albright and collaborators, since the 
effects that these investigators describe appear to have been 
of a temporary nature. Noteworthy changes in the balances 
of water and electrolytes (exclusive of calcium and phos¬ 
phorus) are probably to be expected only at times when there 
is a sudden increase in the production of parathormone or 
when the production of the parathyroid secretion is suddenly 
decreased or stopped as in the case of removal of a para¬ 
thyroid tumor or parathyroidectomy. 

Calcium and phosphorus. In the light of more complete 
knowledge of the ultimate consequences of the hyperpara¬ 
thyroid state, the advisability of treating this disease with 
high calcium diets and acid phosphate is open to serious ques¬ 
tion. Recent papers by Bauer (’33) and by Albright, Baird, 
Cope and Bloomberg (’34) show quite clearly the futility of 
treatment in some cases and the complications which may 
arise in others when attempts are made to prevent further 
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decalcification of the skeleton or 1 o cause healing of the bone 
lesions by ingestion of a high calcium diel. While il is ad¬ 
mitted that suitable dietary measures can cause deposition of 
calcium salts in the bones of tlx* milder cases of hyperpara¬ 
thyroidism, Albright and collaborators (’.’14) report the de¬ 
velopment of considerable impairment of renal function in 
such a patient who had been treated by the administration of 



Fig. r. A ) Roentgenogram of* shaft of loft tibia prior to administration of a 
high calcium phosplmius diet. H) Shaft of right tibia after o months on high 
calcium phosphorus diet, showing calcification of c\st. 


a high calcium diet. They show evidence which hauls to the 
conclusion Unit the renal injury was produced by the forma¬ 
tion of pathological calcifications in the tissues of the kidney 
or within the renal tubules. That conditions which favor ihe 
formation of these deposits may well be produced or enhanced 
by the ingestion of a high calcium diet is shown admirably 
in Ihe case of our patient. During control periods in which 
she received food rich in calcium, both the quantity and con- 
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cunt ration of calcium in the urine was two- to threefold greater 
than in similar control periods in which she ingested food poor 
in calcium. Fortunately, the urea clearance test (Van Slyke) 
(Deters and Van Slyke, ’31) and creatinine filtration rate 
(Rehberg) (Holton and Rehberg, ’31) showed no impairment 
of renal function after the patient had ingested a high calcium 
diet for nearly a year. At the conclusion of this period of 
treatment, one hone cyst had recaleified (fig. f>). However, 
a roentgenogram showing the proximal end of tin* shaft of the 
same bone disclosed the formation of a new cystic area which 
had apparently developed simultaneously with the healing of 
Ihe cyst in the more distal portion of the shaft. Furthermore, 
metabolic data suggest that the immediate storage of calcium 
and phosphorus in the body which followed the institution of 
a high calcium phosphorus regimen was not well sustained. 
This is illustrated by the fairly rapid and apparently progres¬ 
sive decrease in flu* positive balances of thost* elements which 
took place in consecutive control periods. 

The evidence cited, together with the fact that there was no 
indication, after more than a year of observation, of abate¬ 
ment in the severity of the metabolic disorder, led to a decision 
to explore the region of the thyroid in search of a parathyroid 
tumor. Metabolic studies carried on at the time the tumor 
was discovered and removed are reported separately. 

SUMMARY 

1. The ingestion of a diet rich in calcium and phosphorus 
by a patient with mild hyperparathyroidism resulted in re¬ 
tention of these elements in approximately the proportions in 
which they occur in bone. During 10K days the total amount 
of calcium retained was 00 gm., of phosphorus 34.7 gm. and 
of nitrogen 70 gm. In spite of this, the ingestion of a high 
calcium diet for 1 year did not result in appreciable recalcifica¬ 
tion of the skeletal lesions. 

2. The daily administration of from 10 to IK gm. of sodium 
acid phosphate increased the concentration of inorganic phos¬ 
phorus in blood plasma and decreased hypercalcemia and 
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hypercalcinuria. The amount of calcium and phosphorus re¬ 
tained was increased during the periods in which acid phos¬ 
phate was ingested. These effects were temporary and ceased 
as soon as the administration of phosphate was discontinued. 

3. Calcium of the food was much more completely absorbed 
than calcium administered in the form of lactate or gluconate. 

4. The ingestion of a low calcium diet was attended by a 
marked decrease in the amount of calcium excreted in the 
urine. 

5. The exchanges of magnesium were not materially in¬ 
fluenced by the state of the calcium balance. 

6 . The ingestion of large amounts of sodium acid phosphate 
caused a decrease in the amount of magnesium excreted in 
the urine and in several instances an increase in the excretion 
of magnesium in the feces. 

7. Extra phosphoric acid, administered as sodium acid 
phosphate, was excreted chiefly in the urine. Provision was 
made for the elimination of this excess of acid by, a) increase 
in the titratable acid in the urine, b) decrease in the excretion 
of undetermined acid in the urine (bicarbonate plus organic 
acid) and, c) by an increase in excretion of fixed base (sodium) 
in amounts equivalent to those present in the sodium acid 
phosphate which was ingested. 

8 . The excretion of fecal phosphorus showed a slight in¬ 
crease as a result of administration of phosphate, and there 
was usually a concomitant increase in the excretion of fecal 
fixed base in the form of calcium and magnesium. There was 
little or no correlation between excretion of phosphorus in 
the feces and the fecal excretion of sodium and potassuim. 

9. Sodium ingested with the food, as a solution of sodium 
chloride and as sodium acid phosphate was eliminated almost 
quantitatively in the urine. 

10. Equilibrium between intake and outgo of potassium 
was maintained throughout the period of observation. 
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Metabolic experiments performed by Greenwald (’13) and 
Greenwald and Gross (’25) provided the first satisfactory 
evidence of the effect of parathyroidectomy on the excretion 
of calcium and phosphorus. That retention of these elements 
follows the removal of the parathyroid glands has been con¬ 
firmed repeatedly, but it is less clearly established that this 
operation is capable of influencing the metabolism of other 
inorganic constituents of the body. 

In one of his earlier experiments Greenwald (’13) noted 
that primary retention of phosphorus was followed by a 
secondary decrease in the excretion of sodium and potassium 
in the urine. He confirmed this observation later (Greenwald, 
’29) and suggested by way of explanation that both “the in¬ 
creased concentration of inorganic phosphorus in the serum 
and the diminished excretion of sodium and potassium” might 
be due to an “interference with renal function brought about 
by the lowered calcium concentration in the plasma.” 

Although removal of a parathyroid tumor for therapeutic 
purposes seems to have many points in common with experi¬ 
mental parathyroidectomy in animals (Bulger, Dixon, Barr 

1 Aided by a grant from the Fluid Research Fund contributed by the Rockefeller 
Foundation. 
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and Schregardus, ’30) even on occasion being followed by 
severe tetany (Bulger et al., loc. cit.; Snapper, ’30 and others) 
the question of its effect on the metabolism of sodium and 
potassium does not appear to have been investigated. Evi¬ 
dence that the parathyroid hormone has some action on the 
mechanisms which regulate the volume of body water in man 
is not altogether lacking. A diuretic action has been attributed 
to parathormone by several of those who have investigated 
its therapeutic and physiological potentialities (Davidson, 
’25; Mason, ’26; McCann, ’28; Johnson, ’31). A metabolic 
study by Albright, Bauer and Aub (’31) showed that when 
hyperparathyroidism was produced by the injection of para¬ 
thormone, a small increase in the excretion of water, chloride 
and base followed the initial injections, with subsequent re¬ 
tention of these elements when the treatment was discontinued. 
They stated that no evidence was obtained which indicated a 
fundamental disturbance in the acid-base balance of the body. 
We have previously given attention to this phase of metabo¬ 
lism without being able to detect losses of sodium or potassium 
during the hyperparathyroid state (Bassett, ’35). While such 
losses if small might easily have been obscured by errors in 
experimental technic, it seems more probable, as the data of 
Albright and co-workers suggest, that changes in the volume 
of water and its solutes may be limited to short periods of 
readjustment, which are initiated by sudden increases or de¬ 
creases in the amount of parathormone made available to the 
organism. In order to subject this hypothesis to further test, 
we have followed the exchanges of sodium, potassium, calcium, 
magnesium, chlorine and phosphorus both before and during 
the critical period which follows removal of a parathyroid 
tumor. 


EXPERIMENTAL PROCEDURE AND METHODS 

The same patient, A. L. no. 48736, who served as the subject 
of the former investigation and whose clinical history has been 
reported in detail by Morton (’33), re-entered the metabolism 
unit of the hospital for the necessary pre-operative studies. 
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The mineral exchanges were followed for 21 days prior to 
extirpation of a parathyroid tumor and for 27 days subsequent 
to the operation. The patient remained in the metabolism 
unit throughout this time, except for a brief interval of ap¬ 
proximately 3 hours which was spent in the operating room. 
The operation was accomplished with practically no loss of 
blood and with but slight manipulation of the thyroid ap¬ 
paratus. There was no visible sweating during operation nor 
in the period of recovery from the anaesthetic (avertin and 
nitrous oxide). Following operation, the patient vomited 
once. The amount of vomitus did not exceed 100 cc. and was 
added to the excreta for analysis. All collections of urine and 
feces were quantitative. For 3 days preceding operation the 
urine was saved in 12-hour day and night specimens and each 
of these was analyzed for sodium, potassium, calcium, chlorine 
and phosphorus. The same procedure was followed during 
the first 6 days of convalescence, except in one or two in¬ 
stances when, because of difficulty in voiding, the collection 
periods exceeded 12 hours. Other than this collections of 
excreta were made for the usual metabolic period of 3 or 
G days. Daily analyses of urine were then restricted to the 
determination of ammonia, titratable acidity minus carbonates 
(Albright and Bauer, ’29), total organic acids (Van Slyke and 
Palmer, ’20) and creatinine. Representative samples of each 
serving of food were saved, pooled, and analyzed to determine 
the intake of mineral elements in each period (Bassett and 
Van Alstine, ’35). Table 1 gives the average daily intake of 
carbohydrate, protein, fat, calories, water, calcium and phos¬ 
phorus for each metabolic period. The alterations in the level 
of intake in periods 31 and 32 were unavoidable, since the 
patient experienced some difficulty in swallowing during early 
convalescence and could not at once resume the diet of the 
fore periods. 

Favorable experimental and clinical reports on the use of 
irradiated ergosterol for relief of parathyreoprevic tetany 
(Wade, ’29; Brouglier, ’30; Bauer, Marble and Claflin, ’32; 
Schultzer, ’32) led to its use as a prophylactic measure. Ap- 
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proximately 3000 rat units of viosterol (Squibb) were given 
daily for 3 days preceding removal of the tumor and the dose 
was increased to 3750 units on the second post-operative day 
when mild tetany appeared. One intravenous injection of 
50 units of parathormone was also given on this day. Tetany 
did not appear again in an active form, although there were 
occasional signs of latent tetany until the date of discharge 
from the hospital. Viosterol was continued through the 
eleventh post-operative day and then omitted. 


TABLE 1 

Average daily intake of protein, carbohydrate , fat , water, calorics, calcium 

and phosphorus 
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“Day of operation not included, since no food was given on that day. 


On the day of operation 1500 ml. of salt solution containing 
0.7 per cent of sodium chloride, 0.03 per cent of potassium 
chloride and 0.025 per cent of calcium chloride were ad¬ 
ministered subcutaneously. This comprised practically the 
entire salt intake for the day. Water was given by mouth in 
small amounts after consciousness had been regained. The 
intake of fluid was thus brought to a total of 2350 ml. There¬ 
after liquid foods and water were ingested in moderate 
quantities (average daily values appear in table 1) until the 
sixth post-operative day when a semi-solid diet was again 
tolerated. 
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METABOLIC DATA 

The actual balances which were computed for each period, 
exclusive of the acid-base balance of the urine, are shown in 
tables 2 and 3. For purposes of discussion, it will be con¬ 
venient to point out the major changes produced by the re¬ 
moval of the parathyroid tumor and then proceed with a more 
detailed examination of metabolic effects in the case of single 
elements or groups of closely related elements. 

After about 18 days of nearly constant intake of food and 
water and of carefully regulated activity, approximate equi¬ 
librium between intake and outgo of mineral elements was ob¬ 
tained. The parathyroid tumor was then excised. An im¬ 
mediate retention of phosphorus, base, chlorine and water 
followed this procedure. The remarkable daily retention of 
base in the early stages of recovery is seen in figure 1. 

Calcium and phosphorus. The changes in the metabolism 
of calcium and phosphorus were most striking, but are now so 
well known that they require but little comment (Bulger et al., 
’30; Hunter and Turnbull, ’31). Our findings conformed 
closely to those published in the literature. There was a 
precipitate fall in serum calcium. Within 24 hours after 
operation, it had declined from 12.5 to 9.2 mg. per cent. The 
post-operative excretion of phosphorus in the urine practically 
ceased for 36 hours. The excretion of calcium in the urine 
decreased somewhat less abruptly, but continued to decline 
gradually until it became established at about one-fifth of its 
pre-operative level. The excretion of urinary phosphorus, on 
the other hand, began to increase after the second post¬ 
operative day, but did not regain its former high level of 
excretion. Little change occurred in the concentration of in¬ 
organic phosphorus in the serum until about the time at which 
the urinary excretion of phosphorus became reestablished, 
when it increased from 2 to approximately 3 mg. per cent. 
The increase in the concentration of inorganic phosphorus in 
the serum and the increased excretion of this element in the 
urine, therefore, coincided almost perfectly. 
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When the moderately high intake of calcium and phosphorus 
is considered, the excretion of each in the feces during the 
pre-operative periods is seen to have been distinctly less than 

AVERAGE DAILY, INTAKE AND OUTPUT OF 
FIXED BASE 

MEQ 



*7 28 » 3 § 31 32 33 34 3 $. 

® INTAKE 

Fig. 1 The height of each column represents the total excretion of fixed base. 
Individual components are indicated by the appropriate chemical symbol. * Intake , 
refers to the total amount amount of fixed base furnished by diet and solution 
of sodium chloride. Numerals at the foot of each column show the period for 
which the average has been computed. Operation was performed on the first 
day of period 31. 

normal. Following the operation, there was little or no change 
in the the amount of fecal phosphorus, while the excretion of 
calcium in the feces actually appeared to decrease slightly. 




































































MINERAL EXCHANGES OP MAN. VI 


353 


A very marked retention of both calcium and phosphorus 
occurred post-operatively and continued until the experiment 
was terminated. The total retentions were roughly in the 
proportions in which these elements occur in bone. However, 
this was not necessarily the case in individual periods. For 
example, much more phosphorus was retained in the operative 

EFFECT OF PARATHYROIDECTOMY ON 



Fig. 2 The immediate effects of removal of the parathyroid tumor on calcium 
and phosphorus of blood and urine are shown in the chart. Note the almost 
complete disappearance of phosphorus from the urine without significant increase 
in the concentration of inorganic phosphorus in the serum. 


pei’iod (period 31) than was needed to combine with the 
calcium simultaneously retained. Attention has again been 
directed to this fact in the subsequent discussion of the 
metabolism of sodium and potassium. 

Magnesium. The effect of parathyroidectomy (removal of 
a parathyroid tumor) on the metabolism of magnesium ap¬ 
pears to be of the same nature as its effect on the metabolism 
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of calcium and phosphorus. Distinctly more magnesium was 
retained following operation than before it, and the excretion 
of magnesium in the urine was moderately decreased in post¬ 
operative periods. Our observations, therefore, confirm those 
reported by Bulger and Gausmann (’33). 

Nitrogen. Equilibrium, which appears to have been estab¬ 
lished prior to operation, was maintained during the first 9 
days of convalescence. Thereafter with return to the more 
liberal diet provided in the pre-operative periods, there was 
definite retention of nitrogen. Such nitrogen retention seems 
logical during a period of clinical improvement of the patient, 
especially since weakness and hypotonia of the muscles are 
frequent manifestations of the hyperparathyroid state. 

Sodium, potassium and chlorine. Immediately after removal 
of the parathyroid tumor, the excretion of sodium, potassium 
and chlorine in the urine became markedly reduced (fig. 3). 
The data show that most of the salt administered subcutane¬ 
ously and immediately after operation was retained in the 
body, and that the excretion of sodium did not become equal 
to the amount ingested until the fifth post-operative day. The 
excretion of chlorine was in most instances equivalent to that 
of sodium and hence has been omitted from the graph. The 
net sodium and chlorine retentions for period 31 were: sodium 
207 milli-equivalents (m.eq.); chlorine 187 m.eq. 

The curve of the excretion of potassium also followed a 
course almost identical to that of sodium during early con¬ 
valescence. Since very little potassium was given on the day 
of operation, a small loss of potassium occurred on this day. 
However, on subsequent days with the level of potassium in¬ 
take reduced somewhat below the preoperative level, there 
was marked retention of potassium. The net balance for the 
period (period 31) showed a retention of 152 m.eq. of potas¬ 
sium. Whether the retention of potassium in period 31 was 
related in any manner to the apparently excessive retention 
of phosphorus in this period is a matter for conjecture. Should 
all of the calcium deposited in the period have been in the 
form of tricalcium phosphate, there yet remained 108 m.eq. of 
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PRE AND POST OPERATIVE INTAKE AND OUTPUT OF 
SODIUM AND POTASSIUM 

(24 HOUR PERIODS) 




Fig. 3 Operation was performed on the morning of January 30th. 
retention of sodium and potassium on this and subsequent days. 


Note 
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AVERAGE DAILY EXCRETION OF ACID AND BASE IN URINE 


MEQ 



MEQ 



PERIODS 


Fig. 4 The acid-base balance of the urine has been computed and illustrated 
in the manner suggested by Gamble, Boss and Tisdall (’23), except that the 
urinary excretion of carbonates has not been estimated. The very marked 
decrease in the excretion of acid and base in the urine during period 31 was 
in part due to decreased intake, and in part due to retention of calcium, magnesium, 
sodium, potassium, phosphorus and chlorine in the body. 
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phosphorus (calculated at a valence of 1.8) which might have 
been neutralized by potassium. As implied in the introductory 
remarks, this suggestion was brought forward by Greenwald 
(’13) to explain the retention of base (other than calcium) 
which followed the operation of thyreoparathyroidectomy in 
dogs. 

Excretion of acid and base in the urine. The average daily 
excretion of acid and base in the urine in each period is shown 
in figure 4. The data have been arranged in such a manner 
that the areas between lines are roughly proportional to the 
several components comprising the total excretion. The 
factors which conserve fixed base (ammonia and titratable 
acid) have been included in the diagram which represents the 
total excretion of base (Gamble, Boss and Tisdall, ’23) and 
hence the latter should exactly balance the excretion of acid. 
This appears to be the case within limitations imposed by 
methods. 

The major changes occurred in period 31 and these, as noted 
above, followed in part as the result of decreased intake of 
mineral elements in the food and in part because of marked 
retention of fixed base, chlorine and phosphorus. With re¬ 
turn to the preoperative diet (periods 33, 34 and 35), aside 
from decreased excretion of calcium, phosphorus, and mag¬ 
nesium, there was noted a very small decrease in the excre¬ 
tion of ammonia, a somewhat greater decrease in the excre¬ 
tion of titratable acid and a slight decrease in the excretion 
of organic acid. The decrease in the excretion of ammonia 
and titratable acid was probably due to diminished excretion 
of phosphates and organic acids. 

DISCUSSION 

We are of the opinion that the moderate and apparently 
temporary disturbance of salt and water metabolism which 
has been depicted for the operative period was part of a gen¬ 
eral readjustment of electrolyte balance made necessary by 
the removal of the parathyroid tumor. This position is diffi¬ 
cult to maintain, unless it can be shown that the general effects 
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of the operative procedure and of the unavoidable departures 
from the routine of the fore periods had no significant relation 
to the results obtained or were actually inimical to them. 
Perhaps the most obvious fallacy in the usual method of 
estimating the balances of sodium and chlorine is the well- 
known fact that variable amounts of salt may be excreted 
in sweat (Cramer, 1890; Atchley et al., ’33) and that such 
losses remain unrecorded. Moreover, loss of water and 
electrolytes through bleeding introduces another source of 
error which should not be disregarded (Coller and Maddock, 
’32). It is impossible to answer the first objection in an en¬ 
tirely satisfactory manner without measurement of excretion 
by the skin. Observations have, however, been made of the 
concentration of sodium in sweat (Bassett and Warren, ’33) 
under conditions which undoubtedly place this value too high. 
A simple computation based on these data shows that one 
would be forced to assume a secretion of about 1100 ml. of 
sweat on the day of operation if the apparent retention of 
132 m.eq. of sodium during the 24 hours involved were due 
entirely to skin losses. It is extremely improbable that such 
an amount of sweating could have occurred and yet have re¬ 
mained undetected. Bleeding as a source of error can be 
excluded with certainty, since excellent hemostasis was 
obtained. 

The effect of anesthesia (avertin plus nitrous oxide and 
oxygen) is less readily evaluated, but presumably favors de¬ 
hydration (Coller and Maddock, ’32) and hence loss of 
electrolytes corresponding to the decrease in volume of body 
water (Gamble, ’29). Recent studies, however, indicate that 
minor degrees of dehydration are not necessarily attended 
by disturbance of salt balance (Wiley and Wiley, ’33). 

Reduction in expenditure of energy (since there was no 
fever) must have occurred in the operative period due to the 
enforced rest in bed. A reduction in caloric intake also oc¬ 
curred at this time due to the single day of fasting at the 
beginning of the period and the slight decrease in the intake 
of food on the remaining days. When an increment of 15 
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per cent was added to the basal metabolism of the patient to 
allow for movements in bed and to cover the specific dynamic 
action of the food ingested, a rough approximation of the 
energy expended in the operative period was obtained. The 
estimated production of heat, 9400 calories, was found to be 
nearly the same as that of the caloric intake, which for the 
period amounted to 9700 calories. Overfeeding, then, could 
hardly have been a factor in the gain in weight or retention of 
salt. Furthermore, it is to be recalled that the retention of 
sodium and potassium occurred at a time when their levels 
of intake had been reduced and hence the balance seems to 
have been opposite in direction to that which might have 
been expected. 

Exclusion of a possible slight disturbance of thyroid func¬ 
tion, incident to manipulation of the gland at operation, as a 
cause of retention of base seems justifiable. In support of 
this contention we cite again the quite dissimilar experiments 
of Greenwald and of Albright and collaborators where the 
only common factor which could have been held responsible 
for retention of base was the sudden reduction in the amount 
of parathormone made available to the body. 

The response of our patient by retention of a large part of 
the salt administered as saline solution on the day of opera¬ 
tion was qualitatively similar to that of an edematous indivi¬ 
dual who ingests a solution of sodium chloride (Scliittenhelm 
and Schlecht, T9) or to that of a normal subject whose intake 
of salt has been restricted (Vallery-Radot, T8; Veil, ’23; Loeb, 
Atchley, Benedict and Driscoll, ’32; Wiley, Wiley and Waller, 
’33). In the present instance no rigorous restriction of salt 
preceded operation; the daily intake of sodium chloride aver¬ 
aged 91 m.oq. in preoperative control periods and this amount 
was increased to 152 m.eq. on the day of operation. Subse¬ 
quently it was reduced to 57 m.eq. for the remainder of period 
31. Unfortunately, differences in the mode of administration 
and in the total quantity of salt given do not permit any close 
analogy with previous work. 

Approximately half of the potassium retained in period 31 
was re-excreted in period 32, but there w T as no loss of sodium 
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or chlorine. A decrease in weight accompanied the loss of 
potassium. Both of these effects seem to have been contingent 
upon a further reduction in the caloric intake, especially since 
the activity of the patient had been considerably increased 
by allowing her to get out of bed and walk about the room. 
With resumption of the diet of the fore periods equilibrium 
was again slowly attained, but only after retention of more 
than enough potassium to balance losses sustained in period 32. 

SUMMARY 

Evidence has been presented which indicates that the ex¬ 
tirpation of a parathyroid tumor is accompanied by a tem¬ 
porary derangement of the metabolism of salt and water. It 
was found that: 

1. In addition to the well-recognized alteration in the con¬ 
centrations of calcium and inorganic phosphorus in the serum 
and iheir retention in the body, there was also retention of 
significant amounts of sodium, potassium, magnesium and 
chlorine. 

2. The retention of the latter group of elements since ac¬ 
companied by a definite increase in weight strongly suggests 
an increase in the volume of body water as part of the mecha¬ 
nism involved in readjustment. 

3. The temporary nature of the disturbance of salt and 
water balance was attested by the fact that approximate 
equilibrium between intake and outgo of sodium and potas¬ 
sium occurred on the fifth or sixth post-operative day and 
hence coincided with the time at which the concentrations of 
calcium and inorganic phosphorus of the blood and their ex¬ 
cretion in the urine were definitely established at normal 
levels, 

4. While retention of the principal solutes of body fluids 
was found to follow removal of a parathyroid tumor, an ap¬ 
proximately quantitative measurement of the exchanges of 
sodium, potassium and chlorine did not support the view that 
alterations in the metabolism of these elements is of primary 
importance in hyperparathyroidism. 
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During the course of the investigation of certain polyatomic 
alcohols and their anhydrides as food stuffs for the albino 
rat, the authors (Carr et ah, ’33; Carr and Krantz, ’34; Carr 
et, ah, ’34) determined the respiratory quotient and heat 
production of nearly 100 fasting animals. These data were 
thought to be of sufficient interest to assemble in one com¬ 
munication. 

Similar studies generally on a much smaller number of 
animals have been conducted by Benedict and MacLeod (’28) 
Wesson (’30) and Cori and Cori (’26). 

EXPERIMENTAL 

With certain minor modifications, Haldane’s open circuit 
(1892) apparatus was employed. Male rats were used in these 
experiments and prior to the determination were kept at 
28°0. and fed a balanced diet. They were fasted 48 hours 
prior to the experiment. The animal was then placed in the 
respiratory chamber. 

Air was blown at the rate of 2 liters a minute through two 
scrubbing bottles of moist soda lime no. 4 mesh and one bottle 
of calcium chloride, and then through pumice, which had been 
thrust into sulphuric acid at bright red heat according to the 
Haldane technic. This air passed over the animal for 20 to 
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30 minutes. After this period the metabolism chamber was 
closed, the air entrapped within having been adjusted to 28° C. 
±0.5°. The metabolism chamber and animal were weighed 
on a balance with a load capacity of 2000 gm. and a sensitivity 
of 1 mg. Third decimal place weighings were employed. 

The metabolism chamber was then inserted in the air line. 
The exit tube was connected with a series of absorption bottles 
containing sulphuric acid and pumice for water absorption 
and a soda-lime bottle and sulphuric acid pumice bottle for the 
absorption of carbon dioxide. Check absorption bottles for 
water and carbon dioxide were kept in the chain and weighed 
with each determination, as a check on the efficiency of the 
apparatus. The intake air was checked by blank runs before 
each series of six determinations. In this set up, the efficiency 
of the water absorption apparatus is worthy of special com¬ 
ment. After thirty runs (of 2J hours each) the check water 
absorption bottle did not increase in weight significantly, i.e., 
± 0.001 gm. The soda-lime required remoistening or re¬ 
plenishing after ten or twelve runs. Each absorption bottle 
for water contained about 600 gm. of the pumice-sulphuric 
acid mixture: those containing soda-lime had slighfly less than 
500 gm. of that substance in each. Five hundred cubic centi¬ 
meter Woulff bottles were employed, the intake tubes to these 
bottles passed through the central opening in the bottle. All 
stoppers and rubber connections were closed with sealing wax. 

No correction was made for the nitrogen content of the 
urine of the animals as did Cori and Cori (’26), who showed 
that approximately 90 per cent of the metabolism in a fasting 
rat is fat oxidation. The determinations were conducted be¬ 
tween 10 a.m. and 4 p.m., according to the suggestion of Horst 
et al. (’34). The surface area was calculated by the formula 
set forth by Diack (’30), S = 7.64 X W 2/3 for fasted rats. 

DISCUSSION OF RESULTS 

The data given in the graph are obtained from rats that 
are apparently normal. Occasionally an animal selected for 
a metabolism experiment was found to have an exceptionally 
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high or exceptionally low respiratory quotient; such animals 
were discarded. Cori and Cori (’27) have pointed out the 
influence of season, ketosis and infection on the respiratory 
quotient of rats. The average values obtained then are for 
apparently normal rats under very carefully controlled condi¬ 
tions. 

An examination of the frequency distribution of the respira¬ 
tory quotients of the rats shows the median value practically 
identical with the mean of 0.725. The skewness of the curve is 
practically zero. The modal series falls within 0.720 and 
0.729. 

The mean respiratory quotient was not corrected for urinary 
nitrogen. Cori and Cori (’26) set forth a group of twenty- 
four respiratory quotients for the albino rat. Their mean 
value was 0.711 ± 0.005. Accepting the urinary excretion 
value of Cori and Cori as 3.18 mg. per 100 gm. of rat per hour, 
and correcting the respiratory quotient accordingly, a mean 
of 0.708 is obtained for the non-protein respiratory quotient. 

The mean of the number of calories of heat production is 
1040. This is somewhat higher than the values found by other 
workers. At 28° for the white rat Benedict and MacLeod 
(’28) found the value not far from 880 calories. These lower 
values are obtained when the factor 9.13 is employed in the 
surface area formula instead of 7.64 as recommended by 
Diack. Employing this older value in the calculation of heat 
production, the value obtained by the authors agrees well with 
those obtained by Benedict and MacLeod. The higher value 
obtained by the use of the Diack formula gives a heat pro¬ 
duction value which more closely corresponds to the value 
for man and other animals. 

SUMMARY 

The heat production and respiratory quotient of ninety-two 
fasting white rats have been determined under standard 
conditions. 
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In pursuance of a research begun in 1927 upon the vitamins 
of dried fruits, Thompson seedless grapes of the crop of 1931 
and raisins prepared from them were preserved for examina¬ 
tion as to their vitamin values. 

Only a few reports of such studies upon grapes and raisins 
have appeared. Dutcher and Outhouse (’23) examined Thomp¬ 
son seedless, loose Muscat and seeded Muscat raisins with 
negative results as to vitamins A and C, but positive as to 
vitamin B, then still undifferentiated. They made no tests 
upon corresponding fresh grapes. Random (’28) reported 
low vitamin C content in grape juice and wines, little anti- 
neuritic B, but appreciable amounts of antiberiberi B. The 
nomenclature is confusing, but in the light of later work it 
would appear that the former is vitamin G(B 2 ) and the latter 
B(Bi). Daniel and Munsell (’32) examined Thompson seed¬ 
less, Malaga grapes and two brands of commercial grape juice 
for vitamins A, B, C and G. They did not include raisins in 
their study. 

As has been the custom in our researches on dried fruit 
the Thompson seedless grapes were picked fresh, placed in 
cans, evacuated twice and the vacuum released with nitrogen 
then kept stored at 0°C. Five lots of raisins were prepared 
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from the similar fruit by methods outlined in table 1. The 
so-called soda-dipping consisted of dipping the fruit for about 
30 seconds in lye held at 180°F. and then spreading on trays. 
Two lots, HS4 and HS6, were exposed to the fumes of burning 
sulfur for 5 hours before being dried. 

Experimental methods. The technic employed for some 
years in this laboratory and previously described was used in 
the tests for vitamins A and C (Morgan, Field and Nichols, 
’31). For vitamin B(Bj) the method of Chase and Sherman 


TABLE 1 

Preparation and composition of Sultanina (Thompson seedless) grapes and raisins 


LOT 

LYE 

DIPPING 

SULFUR- 

ING 

METHOD OF DRYING 

MOIS¬ 

TURE 

SULFUR 

DIOXIDE 

pH 

SHRINK¬ 

AGE 

RATIO 

HS1 

seconds 

hours 

Fresh grapes not dried, kept 

per rent 

75.3 

p.p.m . 

4.00 

1: 1 

F.G. 

HS2 


■ 

. 

frozen 

Fresh grapes from market 

7 days in sun, stacked after 16 

73-76 

16.6 


4.00 

1: 1 

3.34: 3 

HS3 

30 


days, boxed after 48 days 
Same as H82 

15.8 


4.00 

3.41: 1 

HS4 

30 

5 

Same as HS2 

15.8 

1350 

3.90 

3.41: 1 

HS5 

30 


Dehydrated at 120-160°F. for 

12.0 

.... 

3.95 

3.56: 1 

1186 

30 

5 

38 hours, relative humidity 
65-25 per cent, air velocity 
500-700 feet per minute, 
boxed after 4 days 

Same as H85 

11.8 

1640 

1 4.00 

3.57: 1 


(’31) was used with rats and the prophylactic method of 
Salmon (’27) with pigeons. Such tests as were made for 
vitamin 6 (B a ) were made by a modification of the method of 
Bourquin and Sherman (’31). 

VITAMIN B ASSAY 

Rat technic. The basal diet for rats consisted of purified 
casein 18, Osborn and Mendel salts 4, autoclaved yeast 15, 
butterfat 8, cod liver oil 2, corn starch 53. Animals receiving 
this diet and 0.05 cc. daily of a rice polish concentrate made 
according to the method of Evans and Lepkovsky (’31) were 
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able to grow practically at the normal rate. The rats were 
placed on the basal diet at 28 days of age and after 2 or 3 
weeks, when their weights plateaued, were fed weighed 
amounts of the fruit for 56 days. 

Pigeon technic. Young but mature male pigeons were con¬ 
fined in small individual cages and fed by hand daily 8 gm. 
of baked polished rice and 8 gm. of an autoclaved mash made 
up of casein 19, polished rice 68, agar 2, calcium phosphate 
0.5, calcium carbonate 1, sodium chloride 0.5, autoclaved yeast 
6, cod liver oil 3. Enough vitamin B containing food must be 
given along with this ration to maintain weight and prevent 
disgorging, paralysis and other symptoms of polyneuritis. 
The pigeons were first fed the basal diet alone until they 
showed some of these symptoms and were then given vary¬ 
ing doses of wheat germ in order to determine their vitamin 
requirement. After 2 to 4 weeks on a given dose if no unto¬ 
ward symptoms appeared, the dose was decreased by 10 per 
cent and given for another 2 to 4 weeks. The first symptom 
observed, usually within 3 to 7 days after the dose was lowered 
below the necessary minimum, was disgorging of the food. 
When this occurred on 2 or more successive days along with 
weight loss, it was assumed that the preceding dose, 10 per 
cent larger, had been the minimum. Restandardizing of the 
birds was found to be necessary every 4 or 5 months, but the 
same birds could be used again and again. 

As has been shown by Cowgill, Deuel, Smith, Klotz and 
Beard (’32), a rough relationship was found to exist be¬ 
tween the minimum pigeon dose and the rat maintenance unit. 
In our colony the pigeon daily dose appears to be six or seven 
times the daily dose required to produce 25 gm. gain in 8 weeks 
in young rats. The formula of Cowgill and co-workers ap¬ 
plied to rats and pigeons of the weights used in our experi¬ 
ments gives a lower ratio, about 4.5. In terms of the 
International vitamin B t standard adsorbate, the pigeon dose 
was 50 mg., whereas the rat dose of 10 mg. produced only 
34 gm. gain in 8 weeks. There is some uncertainty involved 
in attempting such comparisons of maintenance in adult birds 
with subnormal growth in young rats. 
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As is shown in table 2 the fresh frozen grapes were dis¬ 
tinctly inferior in vitamin B value to similar fresh grapes 
purchased two or three times a week in the local market. Ap¬ 
parently, the removal of air from the cans containing the 

TABLE 2 


Vitamin B{B X ) content of Svltanvna {Thompson seedless) grapes and raisins by 

rat assay 


FRUIT 

% 

a 

E 

£ * 

ii 

> BO 

u 

M 

§ 

8" 

fc 

8 

lu 

M 

t* 

« 

g 

8 

a 

< 

S 

GAIN OR LiOSS 

PERIOD 

RETENTION OF 
VITAMIN B OF 
FRESH GRAPES 



ffm. 

gm. 


ffm. 

ffm . 

ffm. 

days 

per cent 

Fresh (frozen) 

HS1 

1.0 

1.0 

4 

81 

52 

— 29 

12 ' 


seedless 


1.5 

1.5 

8 

62 

63 

1 

38 

37 

Thompson 


2.0 

2.0 

2 

77 

71 

— 6 

49 


grapes 


3.0 

3.0 

3 

75 

84 

9 

56 J 


Fresh seedless 

F.G. 

3.0 

3.0 

11 

59 

83 

24 

56 i 


Thompson 


4.0 

4.0 

4 

58 

91 

33 

56 y 

100 

grapes from 


5.0 

5.0 

6 

66 

113 

47 

56 J 


market 










Sun-dried 

HS2 

1.5 

5.0 

5 

57 

85 

28 

56 1 


raisins, 


2.0 

6.7 

6 

73 

104 

31 

56 y 

60 

natural 


2.5 

8.3 

9 

74 

116 

42 

56 J 


Soda-dipped 

HS3 

L0 

3.4 

5 

' 71 

92 

21 

56 ] 


sun-dried 


1.5 

5.1 

1 10 

56 

104 

48 

56 y 

94 

raisins 


2.0 

6.8 

7 

47 

105 

58 

56 J 


Soda-dipped 

"hsT 

1.5 

~~5.3~ 

11 

63 

87 

24 

56 ) 


dehydrated 


2.0 

7.1 

10 

54 

84 

30 

56 ) 

ou 

raisins 










Soda-dipped 

II86 

~L5 

5^3 

3 

61 

44 

— 17 

~ 22 T 


dehydrated 


2.0 

7.1 

10 

54 

43 

— 21 

28 y 

0 

sulfured 


3.0 

10.7 

10 

67 

52 

— 15 

30 J 


raisins 










None 




23 

50 

46 

— 4 

25 


International 


"aoT 


12~ 

65 

99~ 

34 

56 


standard 











frozen grapes is not protective of this vitamin as it is usually 
of A and C. We have no explanation of this deterioration 
which was also observed, contrary to the usual experience, in 
the case of vitamin A and possibly also of vitamin C. Some 
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enzyme active under the conditions of storage described may 
be postulated. The fresh grapes contain 1 Sherman unit in 
3 gm. or 1 International unit in 4 gm. 

The best retention of the original vitamin B of the grapes 
was shown by the soda-dipped sun-dried raisins, HS4, and 
about equal retention 56 and 60 per cent by the dehydrated 
dipped raisins, HS5, and the natural undipped sun-dried 
fruit, HS2. Possibly the soda dipping improved digestibility 
of HS3 somewhat over that of HS2. 

Almost complete loss of antineuritic value was seen in HS6 
the dehydrated sulfured raisins. This was confirmed by 
pigeon tests also upon HS4, sun-dried sulfured raisins, and 
later by comparison of sulfured and unsulfured peaches, figs 
and rice polish concentrate. Whether this destructive action 
concerns only B(B a ) or another factor also, perhaps B4, can¬ 
not be stated at this time. Certainly, the effect of the sulfur 
dioxide is more disastrous in the rat than in the pigeon tests. 

An experiment designed to test the effect of S0 2 on the 
vitamin more definitely was recently carried out. 1 The rice 
polish concentrate already mentioned was exposed to the ac¬ 
tion of washed sulfur dioxide gas by bubbling the gas from a 
commercial cylinder through the diluted extract for 1 hour 
at room temperature. The retained S0 2 was largely removed 
by evacuation from the concentrate, but a measurable amount 
remained as may be seen in table 3. Attempts were made to 
recover the vitamin B activity of the S0 2 -treated extract by 
bubbling C0 2 through it for 3 hours and by treatment with 
barium chloride with subsequent removal of the barium with 
sodium sulfate. 

As may be seen in table 3, none of the three types of treated 
extract appeared to retain antineuritic activity in any degree. 

A few tests upon pigeons with the S0 2 -treated extract have 
likewise proved negative, although by sufficiently increasing 
the dose it has been possible to defer or entirely prevent poly¬ 
neuritis. Apparently, the vitamin B x destruction is not com- 

1 The help of Elizabeth Ludlow Fawkes in this part of the experiment is grate¬ 
fully acknowledged. 
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plete, although another factor, possibly B 4 , needed by rats 
and not by pigeons, may be entirely destroyed by the treat¬ 
ment. 

It is interesting to speculate upon the mechanism of this 
action of sulfur dioxide. The vitamin may be reduced, hydro¬ 
lyzed or a sulfite product formed. The theory that hydrolysis 
by sulfurous acid may occur seems improbable in view of the 
well-known resistance of the vitamin to the action of even 
stronger acids. Since basic properties are usually ascribed 


TABLE 3 

Vitamin B value of rice polish extract as affected by sulfur dioxide 


DAILY 

AMOUNT 

FED 

TREATMENT 

pH 

S0 2 

NUMBER 
OF RATS 

WEIGHTS 

TERIOD 
OF TEST 

Initial 

Final 

Loss or 
gain 

gm. 



p.p.m. 


gm. 

gm. 

gm. 

day n 

0.025 

Untreated extract 

5.4 


11 

59 

90 

31 

56 

0.050 




11 

71 

157 

86 

56 

0.100 




5 

70 

225 

155 

56 

0.025 to 

S0 2 treated 

5.8 

1570 

12 

78 

56 

— 22 

20 

0.200 









0.1 and 

SO a treated and 

6.2 

740 

10 

76 

49 

— 27 

24 

0.2 

Ba ppt or 

! 




i 




CO a saturated 

| 

1380 







No vitamin B 



28 

53 

46 


22 

0.010 

International 



12 

65 

99 

i 34 

56 


standard 









to vitamin B, an inactive sulfite may be postulated, but the 
failure of reactivation by barium treatment or carbon dioxide 
speaks against this. 

There remains the reducing action of the SO». Kramar 
(’24) reported loss of antineuritic activity as resulting from 
drastic reduction of alcoholic extracts of yeast by aluminum 
amalgam in alkaline medium, but failure of such loss of 
activity when zinc-hydrochloric acid in acid medium was used 
as the reducing agent. Control experiments seemed to show 
that the alkali alone was not responsible for the destruction 
in the former case. Another significant finding is that of 
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Levene and Van der Hoeven (’25), who increased the potency 
of the yeast extract product obtained by preliminary pre¬ 
cipitation with basic lead acetate by removal of the lead with 
sulfuric acid instead of hydrogen sulfide. Failure to remove 
the active substance from the precipitate when the latter 
reagent was used might be due to its destruction through 
reduction. 

No other attempts at reduction of vitamin B have been 
found reported in the literature. The present study may be 
interpreted as evidence in favor of the easy destruction of 
the vitamin by reducing action. This is in interesting con¬ 
trast with the easy destruction by oxidation of certain other 
vitamins, namely, A and C, and probably also, but in less 
degree, D and E. 

In table 4 the detail of some of the observations upon 
pigeons is given and in table 5 a summary of the findings by 
this method. The results agree remarkably well with those 
obtained with rats, with the exception that the frozen fruit 
appeared undeteriorated. This may be due to the fact that 
these were the first tests made and that the grapes may have 
been ns yet unaffected. 

In any case the unsulfured raisins contained 1 Sherman unit 
in 1.0 to 1.5 gm. of fruit or 1 International unit in 1.5 to 2.0 
gm. and a pigeon maintenance unit in 7 gm. The distinctly 
lower values seen by Daniel and Munsell (’32) in their 
Thompson seedless grapes resemble our figures for the frozen 
stored grapes, which doubtless their samples, purchased in 
Washington, D. C., after storage in transit from California, 
resembled more than they did the freshly gathered grapes 
from the Berkeley market. 

VITAMIN A ASSAY 

Again, when the vitamin value of the frozen grapes was 
tested it was found that a very considerable decrease, about 
50 per cent, had occurred in frozen storage. This was some¬ 
what surprising because the fruit was kept in air-evacuated 
cans. The change which occurred was apparently anaerobic in 



TABLE 4 

Pigeon tests for vitamin B assay of raising and grapes 


HUMBER 

OF 

BIRD 

PERIOD 

WEIGHT 

OF 

BIRD 

MATERIAL FED 

DAILY DOSE 

REMARKS 

15 

days 

29 

gm. 

404-453 

HS3 

gm. 

7.0 

Normal 


16 

451-445 

HS3 

6.3 



12 

442-438 

HS3 

6.7 

Disgorged 5 times 


9 

427-445 

HS3 

7.0 

Normal 


21 

450-393 

HS3 

6.7 

Disgorged 5 times, poly¬ 
neuritic 


31 

391-416 

H82 

8.0 

Normal 


5 

416-418 

403-409 

HS2 

7.0 

Disgorged 3 times 


19 

HS6 

8.0 and 0.3 gm. 
wheat germ 

Disgorged 11 times 


24 

409-431 

H86 

8.0 and 0.4 gm. 
wheat germ 

Disgorged 4 times, poly¬ 
neuritic on 24th day. Given 
3 gm. yeast 


37 

421-446 

HS6 

8.0 and 0.5 gm. 
wheat germ 

Normal 


27 

446-441 

HS6 

8.0 and 0.4 gm. 
wheat germ 

Disgorged on 19th and 27th 
days 

3 

60 

435-369 

Fresh frozen seed¬ 
less Thompson 
grapes (H81) 

4-11 

Disgorged, lost weight. 
Insufficient protection 


30 

356-382 

Fresh frozen seed¬ 
less Thompson 
grapes (HS1) 

16.0 

! 

Normal 


i 25 

382-404 

Fresh frozen seed¬ 
less Thompson 
grapes (HS1) 

14.4 

Normal 


30 

2S 

T* 

CO 

CO 

Oi 

Fresh market 
grapes 

15.8 

Disgorged 5 times 


14 

377-382 

Fresh market 
grapes 

17.0 

Normal 

2 

33 

452-404 

1181 

10-17 

Disgorged constantly 


36 

3 

394-400 

HS1 

H81 

18.0 

16,2 

Nearly normal 

Disgorged 


8 

396-392 

HS6 

8 and 0.4 gm. 
wheat germ 

Constant disgorging 


~T(T 

392-409 

HS6 

8 and 0.5 gm. 
wheat germ 

Normal 
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TABLE 4 —Continued 


NUMBER 

OF 

BIRD 

FXBIOD 

WXIOBT 

OF 

BIRD 

MATERIAL FED 

DAILT DOSE 

REMARKS 


dags 

gm. 


gm. 



10 

412-398 

H86 

8 and 0.4 gm. 
wheat germ 

Disgorged 

14 

19 | 

401-431 

H82 

7.0 

Disgorged on 19th day 


43 

424-403 

H82 

8.0 

Nearly normal 


7 

401-376 

HS2 

7.0 

Disgorged 3 times 


30 

376-394 

HS3 

8.0 

Normal 


30 

392-398 

H83 

7.0 

Normal 


27 

398-410 

H83 

6.0 

Disgorged after 27 days 

16 

30 

406-385 

H84 

7 to 13 

Frequent disgorging 


8 

343-356 

H84 

7 and 0.45 gm. 
wheat germ 

Normal 


30 

351-394 

H86 

8 and 0.45 gm. 
wheat germ 

Normal 


30 

394-393 

II86 

6.4 and 0.45 gm. 
wheat germ 

Normal 


8 

388-387 

H86 

6.4 and 0.3 gm. 

1 wheat germ 

Constant disgorging 


36 

371-404 

H85 

8.0 

Normal 


30 

406-412 

H85 

7.0 

Normal 


7 

413-408 

H85 

6.0 

.. 

Disgorged 

~10 

30 

386—397 

HS5 

8.0 

Normal 


30 

393-412 

H85 

7.0 

Normal 


10 

416-415 

H85 

6.0 

Disgorged 3 times 


35 

425-437 

Wheat germ 

0.70 

Normal 


29 

435-442 

Wheat germ 

| 0.63 

Disgorged on 29th day 


TABLE 5 

Retention of vitamin B by Thompson seedless raisins as shown by pigeon assay 


NUMBER 
or BIRD 

| DAILY DO SB REQUIRED FOR MAINTENANCE 

L _ . „ 

RETENTION OF 
VITAMIN B 

OF FRESH 
GRAPES 

Wheat 

germ 

| Fruit | 

Type 

Amount 

Equivalent in 
fresh fruit 


gm. 


gm. 

gm. 

per cent 

10 

0.7 

HS5 

7.0 

25 

64 

16 

0.9 

HS5 

7.0 

25 

64 

15 

0.8 

HS3 

7.0 

24 

66 

14 

0.9 

HS3 

7.0 

24 

66 

14 

0.9 

HS2 

8.0 

27 

59 

15 

0.8 

H82 

7.0 

23 

69 

15 

0.8 

H86 

8.0 and 0.5 gm. 

85 

18 




wheat germ 



2 

0.7 

HS6 

8.0 and 0.5 gm. 

85 

18 




wheat germ 



16 

0.9 

HS6 

6.4 and 0.45 gm. 

65 

24 




wheat germ 



16 

0.9 

HS4 

7.0 and 0.45 gm. 

68 

23 


i 


wheat germ 



2 

0.7 ! 

HS1 

18.0 

18 1 


3 

0.7 

H81 

14.4 

14 r 

100 

3 

0.7 1 

Fresh grapes 

17.0 

17 J 
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character as it must also have been in the case of vitamin B. 
That it was progressive is evinced by the better response on 
2 gm. doses of the frozen fruit carried out soon after the 
samples were procured than on 3 gm. doses made several 
months later. The fresh grapes appeared to contain 1 Inter¬ 
national unit (allowing 6 to 8 gm. gain per week for 8 weeks) 
in 2 gm. (table 6). 


TABLE 6 


Vitamin A content of Sultanina {Thompson seedless) grapes and raisins 


r&v it 

6 

fc 

§ 

p 

AMOUNT FED 

DAItiY 

i 

h £ 

3* 

P CO 

ll 

w 

CO 

2 

h 

O 

« 

w 

A 

* 

P 

% 

AVE1 

WEI< 

Initial 

fcAGE 
3HTS i 

Final 

£ 

< M 

H W 

eg 

< 

►a 

2 

* 

M 

58 q 

as 

si 

s* 

S W 2 H - 
3 b p f* 

sspi 

VITAMIN A 
RETENTION 



gm. 

gm. 


gm. 

gm. 

gm. 

days 

gm. 

perctm 

Fresh grapes 

HS1 

1.0 

1.0 

9 

107 

112 

0.9 

42 



(frozen) 


2.0 

2.0 

7 

109 

142 

4.1 

56 

4.0 

1 50 



3.0 

3.0 

3 

120 

148 

3.5 

54 


- 

Fresh grapes 

F.G. 

3.0 

3.0 

4 

103 

187 

10.5 

56 

2.0 

100 


i 

, 

5.0 

5.0 

4 

114 

214 

12.5 

56 



Sun-dried 

i HS2 

1.0 

3.3 

4 

98 

92 


15 


0 

raisins, 


2.0 

6.7 

6 

107 

92 


18 



natural 

j 

3.0 

10.0 

13 

98 

91 


24 



Soda-dipped 

H83 

2.0 

6.8 

5 

106 

132 

3.2 

56 



sun-dried 


3.0 

10.2 

7 

101 

139 

4.8 

56 

13.6 

15 

raisins 











Soda-dipped 

hsT 

1.0 


6 

*105 

95 


35 



Bulf ured sun- 


1.5 

5.1 

2 

104 

113 

2.2 

28 



dried raisins 


2.0 

6.8 

5 

109 

147 

4.8 

56 

10.2 

20 

Soda-dipped 

"HS5* 

0.5 

1.8 

7~ 

~ 118 

~ 170* 

6.5 

56 ~ 

2.0 

100 

dehydrated 


1.0 

3.5 

9 

112 

196 

10.5 

56 



raisins 


1.5 

5.3 

5 

111 

201 

11.2 

56 





2.0 

7.1 

7 

95 

199 

13.0 

56 



Soda-dipped 

~HS6~ 

ojT~ 

~'i.s 

— 7 - 

"in 

172 

8.2 

5l” 

&0 

~ibo~ 

■ 

sulfured 


1.0 

3.5 

12 

111 

207 

12.0 

56 



dehydrated 


1.5 

5.3 

6 

97 

205 

13.5 

56 



raisins 


2.0 

7.1 

8 

110 

206 

12.0 

56 





mg. 







mg. 


Carotene, 


0.001 


12 

104 

156 

6.5 

56 I 

0.001 


International 











standard 
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None of the sun-dried raisins, HS2, HS3 or HS4, showed 
more than a modicum of vitamin A. However, the two de¬ 
hydrated specimens, HS5 and HS6, the latter sulfured, ap¬ 
peared to retain the full vitamin A content of the fresh fruit. 
This w r as the most decisive contrast so far seen between de¬ 
hydrated and sun-dried fruit in this respect. The natural 
sun-dried raisins, H82, were wholly lacking and the two soda- 
dipped products, HS3 and HS4, retained only 15 and 20 per 
cent of the vitamin of the fresh fruit. Such sensitivity to the 
exposure and heat of sun-drying was to be expected perhaps 
in a fruit so subject to enzyme changes. 

The soda dipping appeared favorable, HS3 compared with 
HS2, perhaps because of better absorbability. The sulfuring 
appeared slightly favorable also, HS3 compared with HS4. 

Again, the findings of Daniel and Munsell (’32) and Dutcher 
and Outhouse (’32) were less favorable than ours perhaps 
because of the losses in storage of the fresh grapes in the 
former case and the failure to test dehydrated raisins in the 
latter. 

VITAMIN C ASSAY 

The frozen grapes showed progressive loss of antiscorbutic 
property for, as shown in table 7, 20 gm. doses were more 
protective at first than 25 gm. doses later. Even fresh market 
grapes, however, did not afford full protection to the guinea 
pigs in 30 gm. daily doses. None of the raisin products were 
protective. It must be concluded that this variety of grape 
is not well endowed with vitamin C. 

VITAMIN G CONTENT 

An attempt w r as made to assess the vitamin G(B 2 ) content 
of these products, but without satisfactory conclusions. The 
daily doses fed were probably in most cases too small to give 
significant differences in the resulting growth. Fresh grapes 
in 2 gm. daily doses made an appreciable increase in the 
growth of rats fed the vitamin G-free basal diet as did 1 gm. 
doses of the raisins. The fruit appears rather poorly endowed 
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in this vitamin—a fact observed in the fresh grapes by Daniel 
and Munsell (’32). There is apparently about 1 unit 
(Bourquin-Sherman) of vitamin G in 2 gm. of the raisins, 
whether sulfured or unsulfured. A more decisive experiment 
on this point is yet to be undertaken. 


TABLE 7 

Vitamin C content of Sultanina (Thompson seedless) grapes and raisins 


FRUIT 

AMOUNT FRO 
DAILY 

NUMBER 

OF 

BODY WEIGHTS 

PERIOD 

SCURVY 

Grams 

Equivalent 
in fresh 
fruit 

GUINEA 

PIGS 

Initial 

Final 

Gain or 
loss 

SCORE 1 

HS1 (frozen 

10,15 

gm. 

10, 15 

15 

gm. 

336 

gm. 

270 

gm. 

— 66 

day* 

47 

10 

grapes) 

20 

20 

2 

284 

337 

+ 53 

60 

1 


25 

25 

4 

322 

238 

-84 

41 

9 

Fresh grapes 

30 

30 

3 

318 

372 

+ 54 

52 

3 

H82 (natural 
raisins) 

6,8 

20,27 

4 j 

342 

282 

— 60 

53 

5 

H83 (soda-dipped 
natural raisins) 

4,6 

14, 20 

6 

329 

244 

— 85 

34 

15 

HS4 (sulfured 
natural raisins) 

4-10 

14-34 

15 

324 

214 

— 110 

1 

39 

12 

HS5 (dehydrated 
raisins) 

10 

36 

4 

326 

254 

— 72 

38 

14 

H86 (dehydrated 

Tib" 

14-36 

18~~~ 

328 

225~~ 

— 103 

52 

11 

sulfured raisins) 

15 

53 

2 

335 

192 

— 143 

60 

9 


*0, no scurvy to 24, most severe scurvy. 


DISCUSSION 

Some interest of a practical as well as theoretical character 
attaches to the divergent effect of the sulfuring process upon 
the various vitamins. That such differences would be found 
in the effect of sulfur dioxide is to be expected, since each of 
the vitamins so far chemically identified is distinct in nature 
from all the others. Thus vitamins A and C are known to be 
readily oxidized labile molecules which, as has been found, 
might well be protected from destruction by a reducing sub¬ 
stance such as sulfur dioxide. On the other hand, vitamin B 
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which is probably a base, not readily oxidized, but heat-labile, 
might be injured by the same substance. There is some previ¬ 
ous evidence that this vitamin is readily reduced (Kramar, 
’24). Guha (’31) has stated that vitamin G(B 2 ) is not affected 
by sulfur dioxide and so far as our observations have gone 
this is true of the vitamin G of dried fruit. 

There is no single rule which can be set forth as embodying 
the best practice in drying methods for all fruits or for all 
vitamins. Probably each fruit should be preserved in that 
fashion which conserves its best vitamin endowment. Thus 
peaches and apricots, which are excellent sources of A and C 
and probably poor sources of B, should be sulfured, but raisins 
and prunes which are good sources of B and poor sources, at 
least of C, should not be sulfured. Dehydration rather than 
sun-drying is advisable in addition if the vitamin A is to be 
adequately conserved. 


SUMMARY 

1. Seedless Thompson grapes when preserved by freezing 
storage, even after air evacuation, rapidly lose both vitamin 
A and B activities. 

2. These grapes are rather well endowed with vitamin B 
when fresh and this endowment is largely retained in the 
natural sun-dried and soda-dipped raisins which contain 1 
International (or about 1.4 Chase and Sherman) vitamin B 
unit in 1.5 to 2.0 gm. However, treatment of the fruit with 
sulfur dioxide previous to drying destroys much of the vita¬ 
min. Such destruction is more striking if shown by rat growth 
instead of by pigeon maintenance. 

3. The fresh grapes are richer in vitamin A than has been 
hitherto supposed possible, because really fresh fruit has not 
previously been examined. The dehydrated raisins, both 
sulfured and unsulfured, retained this factor in full, 1 Inter¬ 
national unit in 0.5 gm. All the sun-dried raisins had lost 
most of the vitamin A activity. 

4. The frozen grapes appeared to lose antiscorbutic activity 
in storage and even the fresh grapes were only poorly endowed 
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with vitamin C. Very little protective value could be ascribed 
to any of the raisins. 

5. Vitamin G appears to be poorly represented in grapes 
and raisins, but conclusive experiments are not yet available. 

6. Unsulfured soda-dipped dehydrated raisins made from 
Thompson seedless grapes retain practically all of the con¬ 
siderable vitamin A and B activity of the fresh grapes. 
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Figs of four varieties and three different crop years were 
used in the series of experiments here reported. The usual 
method (Morgan and Field, ’29) developed for the study of 
the vitamin content of other dried fruits was followed in all 
cases. Fresh fruit was selected under known conditions, kept 
in frozen storage, and samples of similar fruit dried under 
varying conditions were examined as to vitamin activity along 
with the fresh. An attempt was thus made to discover the 
probable original vitamin content of the fruit as well as the 
effect upon this of the preserving methods used. No record 
of other vitamin studies upon figs has been found. 

Kadota and Oalimyrna figs were examined in 1929, Mis¬ 
sions in 1930 and Kadotas and Adriatics in 1932. As shown in 
table 1, seventeen samples were prepared, six fresh and eleven 
dried, eight of the latter being sulfured. Only one sample, 
H12, was dehydrated, all others being sun-dried, as is the 
prevailing commercial fashion. Another factor of difference 
lay in the stage at which the fruit was picked. The fresh 
samples H9, H8, S5, FI and F4 were picked from the trees 
at the stage suitable for consumption, and F7 was allowed to 
shrink to some extent before being picked. Certain of the 
dried products, H10, S6, S7, F8 and F9, were gathered after 
the natural drop from the trees, but the others, 1111, H12, F2, 
F3, F5 and F6, were picked fresh and juicy and then sub¬ 
jected to the drying process. Only perfect fruits were used. 
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TABLE 1 

Preparation and analysis of fig samples 


VARIETY 

YEAR 

LOT 

MO. 

PREPARATION 

MOIS¬ 

TURE 

SO, 

pH 

DRYIMO 

RATIO 

Kadota 

1929 

H9 

Fresh, ground, kept frozen in 
storage after evacuation and re¬ 
lease of vacuum with nitrogen 

per cent 

68.2 

p.p.m. 

4.6 

1:1 

Calimyrna 

1929 

H8 

Fresh, prepared as was H9 

65.2 

.... 

4.3 

1:1 



H10 

Sun-dried 10 days, natural drop 

12.6 

■ 





Hll 

Sulfured 3 hours, sun-dried 10 
days 

14.1 

1035 

4.1 

2.4:1 


■ 

H12 

Sulfured 3 hours, dehydrated for 
24 hours at temperatures from 
120° to 150°F., relative humidity 
from 60 to 20 per cent, air 
velocity 900 feet per minute 

12.9 

1438 

3.9 

2.5:1 

Mission 

1930 

S5 

Fresh, prepared as was H9 

67.5 

.... 

4.8 

1:1 



S6 

Sun-dried, natural drop 

19.4 

.... 

4.6 

2.5:1 



S7 

Picked fresh, sulfured 1 hour, 
sun-dried 

18.3 

195 

4.3 

2.5:1 

Kadota 

1932 

FI 

Fresh, prepared as was H9 

76.2 

.... 

4.5 

1:1 



F2 

Picked fresh, sulfured 7.5 hours, 
sun-dried 

19.7 

925 

4.2 

3.4:1 



F3 

Picked fresh, dipped 90 seconds 
in 2 per cent boiling lye, washed, 
sulfured 7.5 hours, sun-dried 

16.7 

1157 

4.2 

3.5:1 

Adriatic 

1932 

F4 

Fresh, prepared as was H9 

75.9 

.... 

4.2 

1:1 



~F5 

Picked fresh, sulfured 5 hours, 
sun-dried 

24.7 

275 

4.1 

3.1:1 



F6 

Picked fresh, dipped 120 seconds 
in 2 per cent boiling lye, washed, 
sulfured 5 hours, sun-dried 

26~3 

550 

4.2 

3.0:1 



F7 

Picked shrunken, prepared as 
was H9 

62.9 

.... 

4.1 

1.5:1 



fs ; 

Natural drop, sulfured 5 hours, 
3 un-dried 

14.1 

256 

4,3 

3.5:1 



F9 

Natural drop, sun-dried 

15.9 

«... 

4.3 

3.5:1 
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A further variable lay in the dipping process, similar to 
that used for prunes and some raisins, to which samples F3 
and F6 were subjected. This is not used in commercial pro¬ 
duction, but was tried in order to determine its effect upon 
vitamin retention. 

Only vitamins A and 0 were studied in the 1929 and 1930 
samples, but vitamins B and G were also included in the 1932 
experiment. The biological methods used were the same as 
have been previously described (Morgan and Field, ’30; 
Morgan et al., ’31; Morgan et al., ’35). 

VITAMIN C RESULTS 

None of the figs were found to be rich in antiscorbutic 
property, although the fresh Kadotas and Calimyrnas of 1929 
were protective when daily doses of 20 to 30 gm. were given 
(table 2). The Kadotas of 1932 were not examined as promptly 
after storage as were those of 1929 and were found less active. 
This difference may be due to actual crop variation or to the 
longer frozen storage—a factor which was found (Morgan et 
al., ’35) in grapes to exert an injurious effect. None of the 
other fresh fruit, Missions or Adriatics, proved protective in 
the amounts which could be fed. None of the dried products, 
sulfured or unsulfured, dipped, picked fresh or shrunken, 
retained measurable amounts of vitamin 0. 

VITAMIN A RESULTS 

As is shown in table 3, the Mission figs have considerably 
better vitamin A endowment than have any of the lighter 
colored varieties. This is not surprising, since the color of 
the Mission fruit hints at a probably larger content of caro¬ 
tene. The sulfuring process was seen to increase the reten¬ 
tion of this vitamin in the dried Mission figs, S7, sulfured, 
retaining about 33 per cent as compared with 20 per cent by 
S6, unsulfured. The same contrast may be seen in Hll and 
H10, dried Calimyrnas, but not in F8 and F9, dried Adriatics. 

As has been demonstrated in raisins (Morgan et al., ’35) 
and in other fruits, the dehydration process is superior to 
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sun-drying for preservation of vitamin A, the single de¬ 
hydrated fig product, H12, Calimyrnas, being more than twice 
as rich as any of the sun-dried fruit, even though fresh 
Calimyrnas were not particularly well endowed. 

The lye dipping which preceded sulfuring in F6 added no 
advantage as it was found to do in the case of prunes. 

VITAMIN B(B,) RESULTS 

Both rat growth and pigeon maintenance methods were 
used in the vitamin B tests. These methods have been de- 


TABLE 2 

Vitamin C content of fresh and dried figs 



LOT 

NO. 

NUMBER 

DAILY AMOUNTS RED 

AVERAGE 

LENGTH 

SCURVY 
SCORE 1 

VARIETY 

OF GUINEA 
PIGS USED 

Grams 

Equivalent 
in fresh 

GAIN PER 
DAY 

or 

PERIOD 

Fresh 

H9 

7 

10 


ffm. 

— 2.0 

days 

28 

9 

Kadota 


5 

20 


0.0 

43 

3 



i 

25 


2.5 

60 

0 


FI 

6 

25 

25 

— 3.1 

29 

14 



2 

30 

30 

— 2.3 

50 | 

12 



6 

35 

35 

—1.8 

50 

12 

Dried 

F2,F3 

4 

12 

41 


33 | 

14 

Kadotas 








Fresh 

H8 

7 

7 to 15 

7 to 15 


39 

7 

Calimyrna 


4 

20 to 30 

20 to 30 


60 | 

0 

Dried 

H10, Hll, 

37 

3 to 15 

7 to 37 

— 3.6 

29 

15 

Calimyrnas 

H12 







Fresh 

85 

17 

~5to20” 

5 to 20 

— 3.7 

33 

19 

Mission 








Dried 

86,87 

10 

4 to 10 

10 to 25 

— 3.3 

33 

15 

Missions 








Fresh 


mm 

25 to 30 

25 to 30 

— 1.7 

44 . 

11 

Adriatic 


M 

35 

35 

— 1.1 

58 

10 

Fresh 

■ 

B9 

25 to 35 

37 to 42 

— 2.7 

39 

1 11 

(shrunken) 

Adriatic 

| I 

■ 




. 


Dried 

F5, F6, 

8 

12 

36 to 42 

— 3.8 

33 

13 

Adriatics 

F8.P9 








4 On a scale of increasing severity of symptoms, 0 to 24. 
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TABLE 8 

Vitamin A content of fresh and dried figs 





i 



1 


WEIGHT 




DAILY AMOUNT FED i 

BODY WEIGHTS 


YIELDING 


LOT 

NO. 

NUMBER 






1 INTER¬ 
NATIONAL 

VARIETY 

or RATS 





PERIOD 


USED 

Grams 

Equivalent 

Initial 

Gain 


UNIT IN 




in fresh 

(depleted) 


FRESH 









EQUIVALENT 






pm. i 

pm. 

day9 

pm. 

Fresh 


1 



i 




Kadota 

H9 ! 

15 

0.2 to 1.5 

0.2 to 1.5 i 

66 

14 

28 



FI 

5 

2.0 

2.0 

94 

51 

53 

2.0 



5 

4.0 

4.0 

101 

77 

56 


Sun-dried, 

F2 

5 

3.0 

3.4 

114 

34 

33 


suifured 

Kadota 

! 

4 | 

2.0 

i 

6.7 

121 

59 

56 

6.7 

Fresh 1 


; 







Calimyrna 

118 

13 

0.15 to 0.75 

0.35 to 0,75 

64 

6 

29 


Sun-dried 









Calimyrna 

HIO | 

11 

0.4 to 0.9 

1.0 to 2.2 

72 

13 

33 


unBulfured 

; 

4 

1.0 

2.5 

91 

14 

50 


Sun-dried 









Calimyrna 

Hll 

30 

0.4 to 0.9 

1.0 to 2.2 ; 

81 

16 

35 


suifured 


3 

1.0 

2.5 j 

86 

36 

56 

3.4 

Dehydrated 

1112 

7 

0.45 

1.1 

60 

38 

51 


Calimyrna 

suifured 


1 

0.9 

; 

2.2 

65 

71 

56 

1.6 

Fresh 

S5 

<r~ 

1.0 

1.0 

98 

46 

56 

1.0 

Mission 


7 

1.5 

1.5 

76 

70 

56 


Sun-dried 

'sir 

9 

0.9 to 1.0 

2.2 to 2.5 | 

118 

5 

~ 45 _ 


unsulfured 


4 

1.5 

3.7 

115 

24 

56 


Mission 


6 

2.0 

5.0 | 

108 

42 

- 

56 

5.0 

Sun-dried 


_ 

0.9 to 1.0 

2.2 to 2.5 

117 


50 


suifured 


8 

1.5 

3.2 

83 

50 

56 

3.2 

Mission 


5 

2.0 

5.0 

99 

61 

56 


Suifured 

F5 

- 

1.6 

3.1 

_ ~ -—- 

- 

30 ~ 


sun-dried 

Adriatic 


3 

2.0 

6.2 

93 

38 

50 


Dipped 

F6 

5 ~ 

1.0 

3.0 

96 

34 

51 

! 

suifured 

sun-dried 

Adriatic 


4 

2.0 

6.1 

120 

5 

39 


Suifured 

F8 

r 5 

1.0 

3.5 

87 

29 

36 


sun-dried 

Adriatic 


4 

i 

2.0 

7.0 

105 

33 

41 


Unsulfured 

~F9~" 

: 4 

1.0 

3.5 

87 

21 

35 


sundried 

Adriatic 


5 

2.0 

7.0 

86 

59 

I 

56 

7.0 
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scribed in a previous report (Morgan et al., ’35). Two sources 
of vitamin (t(B 2 ) were tried for the rat experiments, an 
autoclaved liver extract prepared under the direction of Dr. S. 
Lepkovsky, and the usual autoclaved yeast. The liver extract 
was fed separately and the yeast was incorporated in the 
basal diet. In general, the growth obtained with the various 
fig samples was much the same whichever of these vitamin G 
sources was used. The liver extract was used in the belief that 
the laxative effect of the figs and yeast together might decrease 
the availability of the water-soluble vitamins present. How¬ 
ever, the liver extract was found also to produce a laxative 
effect upon the intestines. 

The injurious effect of sulfur dioxide upon vitamin B previ¬ 
ously recorded in the case of raisins (Morgan et al., ’35) was 
observable in these fig tests, although in less obvious degree. 
As shown in table 4, containing the rat growth data, the one 
unsulfured dried product, F9, retained nearly twice as much 
of the vitamin B of the fresh fruit as did the sulfured products. 

The contrast is not so marked in the pigeon maintenance 
results seen in table 5. It will be noted in the latter that 
small amounts of wheat germ were fed to supplement the fig 
doses in order to decrease the bulk of fruit administered. 
Each pigeon was standardized as to weight of wheat germ 
needed for maintenance of weight and prevention of disgorg¬ 
ing or other symptoms of vitamin B deficiency. The wheat 
germ equivalent of the various fig preparattions could thus 
be rather definitely determined. In table 6 examples of the 
records of a few of the birds are given. 

Three birds were used to determine the value of the Inter¬ 
national standard, an acid adsorbate dispensed by the Com¬ 
mittee on Vitamin Standards of the League of Nations (’31). 
With the technic which has been applied in this laboratory to 
numerous products, based on Salmon’s (’27) method, 0.05 gm. 
of the standard was found to be equivalent of 0.7 gm. wheat 
germ 1 and 0.07 gm. to be the equivalent of 1.0 gm. wheat germ. 

1 This wheat germ is a sterilized flaked product supplied by the Sperry Flour 
Company, of San Francisco, and found to be of constant vitamin B content when 
examined by both rat and pigeon tests. 



TABLE 4 

Content of vitamin B(B X ) of fresh and dried figs 
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The rice polish concentrate, prepared according to the method 
of Evans and Lepkovsky (’31), which is used in this labora¬ 
tory as concentrated source of vitamin B practically free from 
vitamin G, was similarly compared on two of the same pigeons 

TABLE 5 


Vitamin B(B t ) content of figs as determined by pigeon maintenance test 




DAILY AMOUNT REQUIRED FOR MAINTENANCE 

AMOUNT 

RETENTION 
OF VITAMIN 

B OF FRESH 
FRUIT 

PRODUCT 

NUMBER 
OP BIRD 

Wheat 

germ 

alone 

Weight 

fruit 

Equiva¬ 
lent in 
fresh 
weight 

Addi¬ 

tional 

wheat 

germ 

Total 
equiva¬ 
lent in 
fresh 
weight 

EQUIVALENT 

(FRESH) 

TO 0.7 GM. 
WHEAT 
GERM 1 



gin. 

gm. 

gm. 

gm. 

gm. 

gm. 

per cent 

Fresh Kadota, 

31 

1.1 

28 

28 

.... 

28 

18 


FI 

15 

0.8 

18 

18 

.... 

18 

16 

100 

Dried Kadota, 

27 

1.0 

8 

27 

0.55 

60 

42 


F2 

33 

1.0 

8 

27 

0,55 

60 

42 

40 

Dried Kadota, 

28 

1.0 

8 

28 

0.55 

62 

43 


F3 

31 

1.1 

8 

28 

0.55 

56 

36 

43 

Fresh Adriatic, 

26 

1.0 

15 

15 

.... 

15 

10 


F4 

21 

0.7 

15 

15 

.... 

15 

15 



29 

1.2 

18 

18 

.... 

18 

10 



19 

0.7 

15 

15 

.... 

15 

15 

100 

Fresh shrunken 

19 

0.7 

20 

30 

.... 

30 

30 


Adriatic, F7 

22 

0.7 

18 

27 

.... 

27 

27 

44 

Dried Adriatic, 

10 

0.7 

8 

25 

0.20 

35 

35 


F5 

15 

0.8 

8 

25 

0.20 

33 

29 


; 

21 

0.7 

‘8 

25 

0.20 

35 

35 

38 

Dried Adriatic, 

28 

1.0 

i" 8 

24 

0.50~ 

48 

38 


F6 

33 

1.0 

1 8 

24 

0.50 

48 

38 

33 

Dried Adriatic, 

15 

0.8 

~ 8~ 

_ 28 

0.30 

"45 

42 


F8 

21 

0.7 

8 

28 

0.20 

39 

39 



33 

1.0 

8 

28 

0.30 

40 

28 

35 

Dried Adriatic, 

25 

~L. F 

8 

28 - 

oT40 

44~” 

28 


F9 

32 

0.7 

8 

28 

0.10 

32 

32 



29 

wm 

8 

28 

0.50 

48 

27 



31 

m 

8 

28 

0.40 

44 

28 

43 

International 

26 

1.0 





0.05 


standard 

10 

0.7 

Kg9 




0.05 



2 

0.7 

wm 




0.05 


Rice polish 

2 

0.7 

0.08 




0.08 


concentrate 

10 

0.7 

0.08 




0.08 



1 Equivalent to X International vitamin B (pigeon) unit. 
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TABLE 6 


Examples of pigeon maintenance test for vitamin E(B X ) in figs 


NUMBER 

or BIRD 

PRODUCT 

FED 

DAILY 

AMOUNT 

DATES 

1932-1938 

WEIGHT 

CONDITION 



gm. 


gm. 


19 

Wheat 

0.7 

Oct. 1-Oct. 25 

492-485 

Normal 


germ 

0.6 

Oct. 26-Oct.27 

485-482 

Normal 



0.6 

Oct. 28 

471 

Disgorged 


Fresh fig, 

15.0 

Oct. 30-Nov. 27 

478-468 

Normal 


F4 

12.0 

Nov. 28-Dec. 2 

465 

Normal 



12.0 

Dec. 3 


Polyneuritic 


Shrunken 

20.0 

Dec. 6-Jan. 18 

430-470 

Normal 


fig, F7 

18.0 

Jan.19-Jan. 24 

470 


1 


18.0 

J an.25 

472 

Disgorged 

22 

Wheat 

0.7 

Sept. 29-Oct. 25 

430 

Normal 


germ 

0.6 

Oct. 26-Oet. 29 

433 

Normal 



0.6 

Oct. 30 

460* 

Polyneuritic 


Shrunken 

15.0 

Nov. 3-Nov. 16 

425 

Occasional 

; 

fig, F7 

: 

20.0 

Nov. 17-Dec. 15 

420-411 

disgorging 

Normal 



15.0 

Dec. 16-Jan. 1 

435-404 

Disgorging 

21 

Wheat 

0.7 

Sept 27-Oct. 25 

395-400 

Normal 


germ 

0.6 

Oct. 26-Nov. 10 1 

404-476 

Normal 



0.6 

Nov. 11 

480 

Polyneuritic 


Fresh fig, 

15.0 

Nov. 19-Dec. 17 

386-410 

Normal 


F4 

12.0 

Dec. 18-Dec. 20 

412-427 

Polyneuritic 

15 

Dried fig, 

: 





F8 

8 + 0.4 w.g.* 

Feb. 22-Mar. 7 

414-435 

Normal 



8 + 0.3 w.g. 

Mar. 8-Mar. 20 

435-437 

Normal 



8 + 0.2 w.g. 

Mar. 21-Mar. 27 

438 

Disgorging 


Dried fig, 

8 + 0.5 w.g. 

Mar. 28-Apr. 9 

430 

Normal 


F5 

8 + 0.4 w.g. 

Apr. 10-Apr. 22 

440-415 

Normal 



8 + 0.3 w.g. 

Apr. 23-May 5 

426 

Normal 



8 + 0.2 w.g. 

May 6-May 18 

430 

Normal 



8 + 0.1 w.g. 

May 19-June 1 

420 

Disgorged 4 times 


Wheat 

0.9 

June 6-Junel9 

410-460 



germ 

0.8 

June20-July 2 

450 




0.7 

July 3-July 6 

450 

Disgorging 


Fresh fig, 

30.0 

Aug, 2-Aug. 14 

424-426 

Normal 


FI 

27.0 

Aug. 15-Aug. 28 

426-406 

Normal 



20.0 

Aug, 29-Sept. 10 

406-400 

Normal 



15.0 

Sept. 11-Sept. 17 

414 

Disgorging 



18.0 

Sept. 20-Oct. 2 i 

404-410 

Normal 


1 Occasionally weight increases resulted when the crop muscles were affected 
so that disgorging could not occur. 

* w.g. * wheat germ. 
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and 0.08 gm. found to be equivalent to one International unit. 
Similar comparisons of the rice polish concentrate and Inter¬ 
national adsorbate units by the rat growth method yielded 
somewhat similar proportions, 2.0 or 2.1 to 1 by rat growth, 
and 1.6 to 1 by pigeon maintenance. 

The amount of the various fig preparations required to 
protect the birds in the same degree as did the International 
adsorbate could thus be calculated even though the full 
amount required could not in all cases be fed. Apparently, 
the vitamin of the fresh Kadota figs was less available to the 
pigeons than to the rats, for the average pigeon unit amount 
was larger, 17 gm., than in the case of the fresh Adriatics, 
12.5 gm. For the rats the unit amounts of these two kinds of 
figs were nearly the same, 3.8 and 4.0 gm. The loss of vitamin 
B in the sulfured products was entirely comparable by rat 
and pigeon tests in all products, except F2 and F3, the dried 
sulfured Kadotas. These samples appeared to be consider¬ 
ably better sources of the vitamin in the pigeon than in the 
rat tests. As was noted previously with raisins (Morgan et 
al., ’35), greater loss of antineuritic activity with S0 2 treat¬ 
ment is seen when rats are used instead of pigeons as test 
animals. This may mean that another B vitamin, possibly B 4 , 
is destroyed to a greater extent by the treatment than is B,. 

VITAMIN G RESULTS 

The amounts of figs fed rats on a vitamin G-free basal diet 
proved for the most part too small to give clear cut results. 
The rice polish concentrate previously mentioned was given as 
source of vitamin B in amount of 0.05 gm. daily. All the fig 
products when fed at 0.5 and 1.0 gm. levels increased the 
growth of the animals slightly and in about the same degree, 
but too little to be considered significant. However, when 
3 gm. doses of the dried products were fed to groups of six 
rats each for 56 days, a total gain of 20 to 40 gm. was noted. 
No significant differences among the samples could be said to 
emerge. The fresh fruit was not fed at this higher level. 
The tentative conclusion may be drawn that the dried figs 
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contained from 1 to 1£ Sherman units of vitamin G in 3 gm.— 
a value not affected measurably by sulfuring or other varia¬ 
tions in the drying procedure. 

The chief choices involved in the drying of fruits appear 
to be sun-drying versus dehydration and sulfuring versus no 
sulfuring. If one regards only the effect of these processes 
upon the vitamin the choice is somewhat complicated by the 
fact that some vitamins are affected advantageously by one 
choice and others by the opposite choice. Thus vitamins A 
and C are best preserved by removal of oxidative hazards, 
that is by the use of dehydration instead of sun-drying and by 
the employment of sulfur dioxide. Vitamin B appears to be 
better protected by quite the opposite conditions, sun-drying 
and no sulfuring. However, dehydration instead of sun¬ 
drying is far less injurious to vitamin B than is sulfuring. 
Vitamin G is apparently unaffected by any of these processes. 
Fruits rich in vitamins A and C should, therefore, preferably 
be dehydrated and possibly also sulfured, those rich in B 
sun-dried and not sulfured. Mission figs should be dehydrated 
to preserve their vitamin A value, but Kadotas, Calimyrnas 
and Adriaties, poor in A, should be sun-dried and not sul¬ 
fured in order to retain their good vitamin B value. 

SUMMARY 

1. Kadota and Calimyrna fresh figs, preserved in frozen 
storage, were found to contain vitamin C in measurable 
amounts, similar to that found in grapes and apricots, but 
less than that in fresh peaches and fresh prunes. Mission 
and Adriatic figs contained but little of this vitamin. 

None of the dried figs, sulfured or unsulfured, sun-dried or 
dehydrated, retained measurable antiscorbutic value. 

2. The Black mission figs contain considerably more vitamin 
A precursor than do any of the light colored figs, 100 Inter¬ 
national units per 100 gm. fresh as compared with 50 in fresh 
Kadotas and less in the Calimyrnas. The sulfuring process 
proved favorable to the retention of vitamin A of the Missions 
and Calimyrnas, but not of the Adriaties. The one de- 
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hydrated product, CalimymaB, H12, was far superior to all the 
sun-dried samples, as was previously found true of de¬ 
hydrated raisins and other dried fruits. The dried figs con¬ 
tained 50 to 143 International units of vitamin A per 100 gm. 

3. Vitamin B^) tested by the rat growth method ap¬ 
peared to be unfavorably affected by sulfuring preceding sun¬ 
drying. Fresh Kadotas and Adriatics contained about equal 
amounts of the vitamin, 25 International or 35 Sherman units 
per 100 gm. The unsulfured dried Adriatics retained 61 per 
cent of this and all sulfured products 37 per cent or less, that 
is 71 and 33 Sherman units per 100 gm. of dried fruit. 

By pigeon maintenance test much the same relations were 
discovered, except that the destruction of the vitamin in the 
sulfured fruit was less obvious. This may be due to more 
complete destruction of a third B vitamin needed by rats and 
not by pigeons. 

4. Vitamin G is present in figs, the dried products contain¬ 
ing practically the same amount in all cases, 33 to 50 Sherman 
units per 100 gm. None of the variables of the drying process 
appeared to affect this vitamin. 
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ONE CHART AND ONE FIGURE 

(Received for publication August 17, 1934) 


The problem of the effect of various methods of drying 
upon the vitamin content of fruit has been studied during 
several years in this laboratory. Certain conclusions have 
been drawn as to the protective value of dehydration instead 
of sun-drying, and of sulfuring upon vitamins C and A in 
peaches, prunes and apricots (Morgan and Field, ’29, ’30; 
Morgan, Field and Nichols, ’31). No attempt was made until 
recently to assess the vitamin B(Bi) and G(B 2 ) value of 
these dried fruits. The present report presents the result 
of such determinations upon samples of California prunes. 

Eddy, Gurin and Kohman (’32) tested canned prunes, both 
the French and Italian varieties for vitamins B and G. Their 
results showed very little content of B in their samples—a 
fact which cannot be ascribed properly to lack of this factor 
in the fruit, since the canning process is known to decrease 
antineuritic value. They made no tests upon corresponding 
fresh fruit. The vitamin G activity shown by their canned 
specimens was comparable with that here reported for the 
dried fruit. The only other report upon the B content of 
prunes is that made by Osborne and Mendel (’20) upon the 
B complex. Their limited data apparently indicate nearly 
normal growth of rats on 2 to 5 gm. of prune per day—a 
better performance than was obtained on any of the other 
fruits which they examined. 
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The prunes used in the work here reported were purchased 
in the open market, there being no specification mentioned, 
except that they be of California origin and of a medium size, 
fifty to sixty per pound. Several different 25-pound boxes 
were purchased and no attempt was made to segregate the 
results obtained with these different lots. They were kept 
in a cool dry place in the laboratory. The fruit contained 22 
to 25 per cent water. 

Methods. In general, the technic described by Chase and 
Sherman (’31) was followed for the vitamin B determinations 
on rats and that of Bourquin and Sherman (’31) for the vita¬ 
min G assay. 

The vitamin G tests. The source of vitamin B used in the 
vitamin G tests was not that recommended by Chase and 
Sherman, but was a potent rice polish extract made according 
to the technic of Evans and Lepkovsky (’33). This prepara¬ 
tion was found to be rich in the antineuritic property and 
when made from the polish only, without the rice bran, was 
almost devoid of vitamin G. Daily doses of 0.05 cc. were 
found sufficient for practically normal growth when vitamin 
G was supplied. 

Both 28- and 56-day feeding periods were used with results 
indicating that either period is acceptable, but that, as might 
be expected, the growth increments per week found in the 
shorter time are greater than the corresponding values for 
the longer period. The ratios of the increments produced by 
the various doses, however, are nearly the same in the 28- 
and 56-day tests. Some general agreement as to the length 
of the test period to be used for vitamin G assays is urgently 
needed in order to make the data from different laboratories 
comparable. 

As may be noted in table 1 and chart 1, the growth incre¬ 
ments produced by increasing daily allowances of prunes are 
not arithmetically proportional to these allowances. More¬ 
over, the rats do not die within the longer experimental 
period of 56 days when confined to the vitamin G-free diet 
nor does their weight decline below the initial figure. The 
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average gain of forty-one such rats in 8 weeks was b gm. 
Severe dermatitis with loss of fur and sometimes regrowth 
of soft thin hair, nose bleed, tail scale and blindness were 
seen in nearly all such animals. Several animals were kept 
for (i to lb months on the vitamin G-freo diet. Severe con¬ 
vulsions on disturbance were common among these rats after 
several months on the diet. One pair of littermates was kept 
for .18 months, one being given only the (J-lVee diet and the 
other in addition 2 gm. of prune flesh daily. Figure 1 
illustrates their appearance after 7 months on the diet. 

Since no generally accepted standard is as yet available 
for vitamin G assays, the results shown in table 1 must be 



Fitf. 1 Prunes jis source of vitamin (». Hats of Naim 1 litter on \itaniiu (J free 
diet for 7 mouths, that on the right being gneii 2 gm. prune ilesh flailv ju 
addition to basal, 

summarized in the units suggested by llourquiu and Shermnn 
(’ill), that is, the daily amount which produces an average 
gain of 2b gm. in 8 weeks. This may be taken as 0.2b gm. of 
prunes at tin 1 least and O.bO gm. at the most, about 20(> units 
per 100 gm. or 7b units per ounce.. 

Using the same teelmic in this laboratory, certain dried 
foods, reputed to be highly endowed with vitamin (J, have 
been assayed for comparison with the prune results. The 
data are shown in table 2. It will be noted that prunes are 
nearly equal to wheat germ and are reasonably close in value 
to the solids of milk and eggs. The solids of spinach contain 
two to three times this amount of the vitamin and those of 
brewery yeast and beef liver about four times as much. No 
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other fruit tested in this laboratory approaches prunes in 
this respect. 

The vitamin B results. Most of the vitamin B tests were 
made with a basal diet consisting of purified casein 18 per 
cent, Osborne and Mendel salt mixture 4 per cent, starch 53 
per cent, butterfat 8 per cent, cod liver oil 2 per cent, and 
yeast (autoclaved for 6 hours at 15 pounds’ pressure) 15 
per cent. In certain cases, however, the yeast was omitted 


TABLE 2 

Vitamin G content of certain dried concentrates 


FOOD 

DAILY 

AMOUNT 

FED 

NUMBER 
OF RATS 

INITIAL 

(depleted) 

WEIGHT 

; 

FINAL 

WEIGHT 

GAIN IN 
56 DAYS 

! 

SHERMAN 
UNITS PER 
GRAM 

1 

Prunes 

gm. 

0.25 | 

39 

gm. 

66 

gm* 

91 

! 25 

4.0 


0.50 

21 

65 

100 

35 

2.8 

Wheat germ 

0.25 

4 

53 

85 

| 32 

4.1 


0.50 

15 

65 

112 

47 

3.7 

Dried whole eggs 

0.50 

8 

68 

124 

56 

4.5 

Dried whole milk 

0.25 

8 

61 

96 

35 

5.6 


0.50 

7 

77 

328 

1 51 | 

4.1 

Dried spinach 

0.25 

8 

62 

124 

62 

9.9 


0.50 

4 

67 

170 

103 

8.2 

Dried brewery yeast 

0.12 

2 

74 

135 

61 

19.5 


0.25 

8 

67 

156 

89 

14.2 

Dried beef liver 

0.12 

4 

69 

116 

47 

15,0 


0.25 

18 

| 59 

158 

99 

15.8 


with corresponding increase in starch and a potent liver ex¬ 
tract used instead as source of vitamin G. This was done in 
the hope of discovering whether the laxative effect of the 
prunes augmented by the similar yeast effect may have re¬ 
sulted in a disproportionate intestinal loss of their vitamin 
value. The liver extract, which was made and autoclaved 
under the supervision of Dr. S. Lepkovsky, was shown to 
be rich in vitamin G and poor in vitamin B. Nevertheless, 
poorer growth was seen in the rats fed this diet than in com- 
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parable animals given the diet containing autoclaved yeast. 
As may be seen in tables 3 and 4, the International standard 
preparation as well as our rice polish concentrate yielded 
poorer growth when the liver extract was used. Apparently, 
the vitamin G content of the liver extract allowance (0.4 cc. 
daily) was insufficient, or some other condition, possibly an 
effect on appetite, or lack of a third vitamin B factor, inter¬ 
fered with the welfare of these animals. 

TABLE 3 


Vitamin B content of prunes (with autoclaved yeast as source of vitamin (?) 


SUBSTANCE 

DAILY 

AMOUNT 

FED 

NUMBER 
OF RATS 

INITIAL 

(DEPLETED) 

WEIGHT 

FINAL 

WEIGHT 

GAIN 

PERIOD 


gvn. 


gvn,. 

gm. 

gm. 

day* 

Prunes 

0.75 

8 

49 

71 

22 

56 


1.00 

17 

63 

88 

25 

56 


1.25 

21 

62 

90 

28 

56 


1.50 

23 

56 

90 

34 

56 


2.00 

8 

58 

103 

45 

56 


2.75 

10 

62 

113 

51 

56 


0.00 

23 

50 

46 

— 4 

25 

Bice polish concentrate 

0.025 

14 

57 

100 

43 

56 

0.050 

15 

58 

160 

102 

56 


0.075 

4 

76 

213 

137 

56 


1 0.100 

4 

74 

221 

147 

56 

' 

International standard 

[ 0.005 

4 

75 

67 

— 8 

' 

1 56 


! o.oio 

18 

68 

102 

34 

56 

Wheat germ 

0.15 

9 

60 

103 

I 43 

56 

Whole wheat 

0.6 

9 

62 

93 

31 

56 


0.8 

6 

78- 

137 

59 

56 


Three different lots of vitamin B acid clay adsorbate used 
as International standard, and received from Dr. E. M. Nelson, 
of the United States Department of Agriculture, were tested 
for growth stimulation. In no case did the unit amount, 10 
mg., produce the nearly normal growth expected from the 
published reports of similar tests by Chick and Jackson (’32) 
and Kemmerer and Steenbock (’33). However, in both the 
latter experiments the feeding period was only 4 or 5 instead 
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of 8 weeks. A similar low antineuritio value was noted when 
the adsorbate was fed to pigeons using the prophylactic 
method of Salmon (’27). 

If our results with the International standard be compared 
with those obtained with the rice polish concentrate, the latter 
may be seen (table 3) to contain 1 unit of vitamin B in 0.02 
gm. The prunes which we used contained 1 such unit in 1.5 gm. 
If these values be expressed in Sherman units (the amount 


TABLE 4 

Vitamin, B content of prunes (with liver extract as source of vitamin G) 


SUBSTANCE 

DAILY 

AMOUNT 

fed 

NUNBE& 

OF 

EATS 

INITIAL 

(DEPLETED) 

WEIGHT 

FINAL 

WEIGHT 

GAIN 

PERIOD 


gm. 


gm. 

gm. 

gm. 

days 

Prunes 

1.00 

18 


51 

— 9 

39 


1.50 


64 

84 


54 


2.00 

21 

69 

77 

8 

56 


2.75 

8 

74 


28 

56 

Nothing 


9 

75 

50 

— 25 

18 

Bice polish concentrate 

0.025 

5 

61 

95 

34 

56 


0.050 

14 

66 

139 

73 

56 

International standard 

0.005 

7 

73 


-3 

56 


0.010 

4 

64 

| 88 j 

24 

56 


allowing 25 gm. gain in rats during 8 weeks), the figures are 
0.015 and 1.0 or 1.25 gm. This indicates 22 to 28 Sherman 
units per ounce or 80 to 100 per 100 gm. The results ob¬ 
tained with wheat germ and whole wheat in a parallel series 
of tests are quoted in table 3 for comparison and evaluation 
of the method. 

SUMMARY 

1. The vitamin G(B 2 ) content of dried California (French) 
prune flesh is at least 266 Sherman units per 100 gm.. This 
is larger than has been reported for any other fruit, is com¬ 
parable with the value found for wheat germ and is one-half 
to one-fourth that of dried milk, eggs, spinach, yeast and 
liver. 
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2. Both 28- and 56-day periods are suitable for vitamin G 
feeding experiments, but the growth increments obtained with 
one period are not comparable with those of the other. 

3. The vitamin B^) content of the dried prune flesh is 
80 to 100 Sherman units per 100 gm. Since the International 
standard adsorbate in our hands yielded only 34 gm. gain in 
8 weeks per 10 mg. (1 unit), the prunes may be said to contain 
1 International vitamin B unit in 1.5 gm. This is approxi¬ 
mately one-tenth the amount found in wheat germ and nearly 
one-half that of whole wheat. 

4. A liver extract substituted as source of vitamin G(B 2 ) 
for the autoclaved yeast in some of the Bi tests allowed less 
growth than did the yeast-containing diet, although its vita¬ 
min G content appeared adequate. Possibly a third B factor 
is involved in this difference. 
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THE RELATION BETWEEN THE BASAL METABO¬ 
LISM AND THE ENDOGENOUS NITROGEN METABO¬ 
LISM, WITH PARTICULAR REFERENCE TO THE 
ESTIMATION OF THE MAINTENANCE REQUIRE¬ 
MENT OF PROTEIN 1 

D. B. SMUTS 1 

Division of Animal Nutrition , University of Illinois , Urbana 
(Beceived for publication AuguBt 15, 1934) 

The energy metabolism of an animal may be reduced to a 
minimum level by removing the gross influences tending to 
stimulate heat production, particularly muscular activity, the 
influence of food, and the stimulus pf cold. This basal metabo¬ 
lism represents for each individual the minimum rate of 
energy expenditure compatible with the maintenance of life. 
It measures, therefore, the maintenance requirement of 
energy of the animal, a quota of energy that must be pro¬ 
vided by the food consumed if the normal life activities are 
to be maintained. 

Similarly, the nitrogen metabolism may be reduced to a 
minimum level by removing certain gross influences that tend 
to stimulate the wastage of nitrogen from the body. In this 
case, the disturbing influences, while few in number, are some¬ 
what more difficult to remove. Muscular activity is not among 
these influences, since it does not appreciably affect nitrogen 
wastage from the body, except as it may induce a negative 

1 The experimental data reported in this article have been taken from the thesis 
of D. B. Smuts submitted in 1932 to the Graduate School of the University of 
Illinois in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in Animal Husbandry. This paper was prepared for publication 
by H. H. Mitchell. 

a Holder of the Webb Stipendium of the University of Stellenbosch, Union of 
South Africa, 1930-1932. 
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balance. There are only two requirements for the attainment 
of a minimum level of nitrogen output, the ‘endogenous 
metabolism’ of Folin. The first is that the protein intake 
should be reduced preferably to zero, or at least to such a 
level, depending upon the character of the dietary protein, 
that it will exert no appreciable influence on the rate of nitro¬ 
gen excretion by the kidneys. The second is that the energy 
intake should be great enough to protect the nitrogenous 
constituents of the tissues from catabolism in so far as this 
is possible. Under these conditions, as Folin (’05) first dis¬ 
covered, the nitrogen output in the urine is reduced to a very 
low level, which may be considered to measure in a very true 
sense the requirement of nitrogen (protein) by the animal 
for the maintenance of life, 3 specifically for the maintenance 
of the nitrogenous integrity of the tissues (Mitchell, ’26, ’29; 
McClellan and Hannon, ’32). Folin further showed that, on 
a creatine-free diet, the creatinine output in the urine is un¬ 
affected by the protein intake, and hence presumably that 
creatinine is a product only of the endogenous nitrogen 
metabolism. 

It seems reasonable to believe that there is a relationship, 
directly or indirectly causal in nature, between the minimal 
catabolism of the nitrogenous constituents of protoplasm and 
the minimum rate at which energy is liberated, as measured 

* This interpretation of the ‘endogenous metabolism 9 is quite in accordance with 
the original conception of Folin. In this paper, as in the early studies of 
McCollum and Steenbock ('12) on the pig, the endogenous level of protein 
metabolism is taken as that level reached on a nitrogen-free diet when consumed 
in amounts to cover the energy requirements of the animal. If this criterion 
of the attainment of the endogenous protein metabolism differs at all from that 
of Folin, it is in the inclusion of a certain amount of protein metabolism of the 
exogenous type, but the inclusion of such a fraction seems inherently improbable, 
since with the rat this level of nitrogen excretion is not depressed by an increase 
in the consumption of nitrogen-free food, if the intake of food energy is slightly 
above the requirement of maintenance (Mitchell, *24). That nitrogen equi¬ 
librium may be attained on an intake of digestible nitrogen—this term being 
used in the ordinary sense—just sufficient to cover the endogenous losses in the 
urine, has been shown by McCollum and Steenbock ('12, p. 61) for the pig, using 
corn or oat protein, and by Mitchell ('24, p. 889) for the rat, using the mixed 
proteins of milk and lactalbumin, 
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by the basal heat production. Both represent the * idling 
speed’ of the organism, one with reference to the catabolism 
of a particular class of cellular constituents characterized by 
their content of nitrogen, the other with reference to the total 
catabolism of the organism. The total energy liberation of 
the ‘idling’ organism includes the energy liberated in those 
chemical reactions constituting the endogenous catabolism 
and yielding ultimately the end-products of this catabolism. 
From this fact only one would expect a measurable correla¬ 
tion between the two, the size of which would depend upon 
the fraction of the total energy transformations represented 
in the energy liberated by these endogenous reactions involv¬ 
ing the nitrogenous constituents of the tissues. 

Only a few investigations have been concerned directly with 
the relation existing between the basal metabolism and the 
endogenous nitrogen metabolism. In 1914, Palmer, Means 
and Gamble studied the relation between basal metabolism 
and creatinine elimination, with the expressed hope of find¬ 
ing a better basis for the comparison (and prediction) of the 
basal metabolism of different individuals than that afforded 
by body weight or body surface. For eight men subjects the 
average number of calories per milligram of creatinine ex¬ 
creted was 0.98, and for nine women subjects it was 1.26. 
Although the men varied in weight from 58 to 94 kg., the indi¬ 
vidual ratios were remarkably constant, possessing a coeffi¬ 
cient of variation of only 4.7. The women subjects varied 
from 48 to 80 kg. in weight and their ratios varied to the extent 
of 5.2 per cent. 

If one may assume that the creatinine elimination is a func¬ 
tion of the protein content of the body, then the work of 
Palmer, Means and Gamble receives confirmation from the in¬ 
vestigations of Kohlrausch (’29-’30) concerned with methods 
for the determination in vivo of the chemical constituents of 
the body. Kohlrausch experimented with four dogs, varying 
in weight from 3.8 to 11.5 kg., some of which had been trained 
to develop their muscular tissue, while others were untrained. 
By determination of the basal metabolism and actual analysis 
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of their carcasses, he found a constant relationship between 
the former and the protein content, such that the basal heat 
per minute (in calories) divided by the two-thirds power of 
the weight of protein in grams equaled 2.30. 

Terroine and Garot (’26) applied to eight species of animals 
(rat, guinea pig, rabbit, dog, sheep, man, horse and cow) the 
same type of investigation as that of Palmer, Means and 
Gamble. They found, however, that the ratio of creatinine 
elimination (in milligrams) to basal heat (in calories X 100) 
was not constant, but varied from 29 for the rat to 135 for 
the horse. Hence, while the ratio may be constant for any 
one species, it is apparently not constant between species. 

The most direct attempt that has heretofore been made to 
establish a relationship between the basal heat production and 
the output of endogenous nitrogen has been made in the 
laboratory of Terroine at Strassburg. Terroine designates 
the sum of the urinary and fecal nitrogen on a nitrogen-free 
diet as the total endogenous nitrogen. His basal heat deter¬ 
minations were made by the Haldane gravimetric method 
(1892), and generally extended over several hours, during 
which minimal activity, but not complete repose, prevailed. 
In the large majority of cases, if not in all, the two deter¬ 
minations were not made upon the same animal, the basal heat 
generally being computed from the numerous determinations 
reported from previously published experimental data. 

In the first paper of this series, Terroine and Sorg-Matter 
(’27) reported average ratios on three mice, six rats, three 
pigeons, three chickens and three rabbits, and computed ratios 
for man and the dog. These specific ratios ranged from 2.30 
to 2.90 mg. of endogenous nitrogen per calorie of basal heat, 
averaging 2.61 mg. Their coefficient of variation is 9.4. 

In a second paper by the same authors (’28), the ratio of 
endogenous nitrogen to basal heat was studied with a number 
of mice and pigeons exposed to different environmental tem¬ 
peratures, some below the critical temperature and some 
above. It was found at the lower temperatures that the 
elimination of endogenous nitrogen increased as well as the 
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basal metabolism and somewhat in the same proportion, so 
that the ratio of the two was not greatly disturbed. How¬ 
ever, in these experiments the ratios were much lower than 
in the first experiment, averaging 2.18 to 1, the range being 
from 1.97 to 2.45. No food intakes are reported, so that one 
is unable to determine whether the observed increases in the 
total nitrogen excretion were associated with adequate food 
intakes, or whether they included an increment in nitrogen 
metabolism induced by an inadequate intake of food energy. 

In a third paper by Sorg-Matter (’28), three rats and nine 
roosters of varying weights and ages were studied. Again the 
endogenous nitrogen per calorie of basal heat fell within a 
small range, 2.20 to 2.53 mg., averaging 2.37 mg. Apparently, 
the more intense basal metabolism of the young animal is as¬ 
sociated with a more intense endogenous nitrogen metabolism. 
The same sort of study on two pigs at widely different body 
weights was later reported by Terroine, Boy, Champagne and 
Mourot (’33). The endogenous nitrogen elimination of the 
pigs (in urine only) was measured at weights of 13 to 14 kg. 
and again at a w T eight of 132 kg. The weights of urinary 
nitrogen per calorie of basal heat varied from 1.8 to 2.0 mg. 
The fecal nitrogen was determined only at the heavier weights, 
and at these weights the total endogenous excretions (urine 
and feces) per calorie of basal heat were 2.3 and 2.1 mg. Sum¬ 
marizing all of their work in this article, it is concluded that 
the “law of the constant relationship of minimal nitrogen 
and energy output’’ holds for the whole series of homeotherms 
from mouse to pig, with body weights ranging from 1 to 8800 
and heat production per kilogram of body weight ranging 
from 1 to 40. 

Ashworth and Brody (’33 a and ’33 b) have also published 
the results of some studies on the relation existing between 
the basal energy metabolism of rats and their minimum ex¬ 
cretion of endogenous nitrogen. With different rats they 
report, contrary to Terroine, a very variable ratio, ranging 
from about 0.7 to 2.0 mg. of endogenous nitrogen per calorie 
of basal heat, and averaging about 1.4 mg. No effect of age 
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on this ratio is evident in their work, either from a group of 
rats upon which both determinations were made, or from 
another group for which the basal metabolism was estimated. 

The subject of Terroine’s investigations is one of scientific 
importance, since it attempts to associate causally two basic 
phases of animal metabolism hitherto considered separate and 
distinct. Incidentally it confirms strikingly Folin’s concep¬ 
tion of the endogenous nitrogen metabolism, the constancy, 
or even the reality, of which has been questioned by some 
investigators. Furthermore, the subject possesses practical 
significance. The basal metabolism of animals measures their 
basal (or maintenance) requirement for food energy, while 
the endogenous loss of nitrogen measures their basal (or 
maintenance) requirement for nitrogen. The basal metabo¬ 
lism can be measured satisfactorily if the proper equipment 
is available, but the endogenous nitrogen elimination is difficult 
to measure, except for small laboratory animals and for pigs, 
because of the difficulties involved in compounding and feed¬ 
ing suitable rations. If there is a constant relation between 
the two, it should be possible to estimate the endogenous 
nitrogen (and the maintenance requirement of protein) of any 
animal from its basal metabolism, as measured, or as esti¬ 
mated, from body size. 

However, Terroine’s data are not completely satisfactory, 
for the following reasons: 

1. The inclusion of fecal nitrogen with urinary nitrogen 
combines two factors of different antecedents. The urinary 
nitrogen on a nitrogen-free diet is related to body size, and, 
above a certain minimum intake, is not related to food intake 
(Mitchell, ’24). The metabolic nitrogen of the feces, however, 
though of body origin, is mostly related to the processes of 
digestion and varies directly with the amount of digestive 
work done, as measured roughly by the dry matter consumed. 
Only a small fraction of the metabolic nitrogen of the feces of 
rats is unrelated to the digestion on normal intake of food 
(Schneider, ’34). Hence, the total endogenous nitrogen of 
Terroine, including both fecal and urinary nitrogen, will vary 
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in size directly with the intake of food, although the true 
endogenous nitrogen, in the sense of Folin, is not so affected. 

2. Terroine, in practically all of his work, determined the en¬ 
dogenous nitrogen on each experimental animal, but estimated 
the basal metabolism from average values obtained on other 
animals of the same species and in some cases in other labora¬ 
tories. However, individual differences, both with regard to 
basal metabolism and to endogenous nitrogen, have been ob¬ 
served and are undoubtedly factual. The use of an observed 
value for one factor and an estimated value for the other 
will obscure the relationship that may exist between the two, 
so that the ratios obtained will exhibit a fictitious variability. 

3. The basal metabolism determinations of Terroine and 
Trautmann, which were used in many of the calculations, were 
not made under conditions of absolute repose of the experi¬ 
mental animals. They are, therefore, to some extent too high 
and too variable. 

4. The observed ratios of endogenous nitrogen to basal 
calories, while suggestive of a constant relationship, exhibit 
considerable variation, particularly as between different sets 
of data reported in different publications. The data of Ash¬ 
worth and Brody are even more at variance with the con¬ 
ception of a constant relationship. 

The following investigations were inspired by the work of 
Terroine and colleagues, but were carried out with the above 
criticisms in mind. It was hoped, by correcting what appeared 
to be defects in the experimental procedures and technic of 
Terroine, to secure more convincing evidence of a constant 
relationship between the endogenous nitrogen elimination of 
animals of different species and their basal metabolism. Such 
evidence has, the writer believes, been secured. 

PLAN OF EXPERIMENT 

The experiments were carried out upon five species of ani¬ 
mals, the mouse, rat, guinea pig, rabbit and pig. The mice 
ranged in weight from 20 to 30 gm., averaging 24, and in¬ 
cluded two females and seven males. Of the twenty-three rats 
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in the experiment, fifteen were males and eight females. The 
former averaged 243 gm. in weight (202 to 318), and the latter 
186 gm. (170 to 227). Of the nine guinea pigs, six were males; 
the body weights averaged 414 gm. (300 to 489). The ten 
rabbits were all males and ranged in weight from 1440 to 
2740 gm., averaging 2072 gm. The five pigs also were all of 
the male sex; their weights were 62.3, 66.7, 68.0, 69.5 and 71.7 
kg. Upon each of these fifty-six animals the endogenous 
nitrogen was determined and at least one basal metabolism 
measurement was made. To permit expression of the latter 
measurement in the usual terms of calories per square meter 
of body surface per day, it was necessary to determine the 
surface areas of a number of mice, guinea pigs and rabbits, 
for which species good prediction formulas did not seem to be 
available, and to devise mathematical equations relating sur¬ 
face area to body weight. The results of this phase of the 
study have been published elsewhere (Smuts, ’33). 

The general plan of procedure was, first, to place each ani¬ 
mal for at least 7 days upon a low-protein (10 per cent), but 
otherwise complete diet (table 3). The animal was then 
fasted for a period of time, varying with the species, until 
the post-absorptive condition was established. For mice, 
guinea pigs, rabbits and pigs it was considered necessary, in 
auxiliary tests, to determine the period of fasting required 
for this purpose. The basal metabolic rate was then deter¬ 
mined. 

The animal was next placed upon a low-nitrogen diet until 
its nitrogen metabolism was reduced to the endogenous level. 
The length of time required in the various species of animals 
for the depletion of the so-called ‘deposit protein' was studied, 
and, at the termination of this period, the urine was collected 
for 7 days and its nitrogen content determined. 

Those animals upon which a second basal metabolism de¬ 
termination was to be made were then, after the period of 
low-nitrogen feeding, put again upon the complete standard 
diet for 7 days and then fasted as before. 
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METHODS 

Basal metabolism. The basal metabolism of the mice, rats, 
guinea pigs and rabbits was determined by a modification of 
the gravimetric method first proposed by Haldane (1892). 
The respiratory quotient was determined by the ordinary 
technic in a period of 6 to 8 hours. During this time the 
animals, although confined in a small chamber, exhibited more 
or less activity, which is incompatible with a basal level of 
metabolism. Hence the basal production of C0 2 was deter¬ 
mined during short periods (ranging in toto from 40 to 00 
minutes) of complete muscular repose. During these periods, 
the animal was under constant observation, and at the initia¬ 
tion of any appreciable activity the period was interrupted, to 
be resumed again only when the animal had become quiet and 
had stayed quiet for at least 5 minutes. The carbon dioxide 
produced during these truly basal periods was collected in 
a separate chain of absorption bottles, to which the ventilat¬ 
ing current could be diverted by means of a three-way stop¬ 
cock. 

The basal metabolism of the experimental pigs was deter¬ 
mined in a pneumatic chamber. 4 The chamber has a volume 
of 1190 liters. During a test, the air within the chamber was 
vigorously stirred by an electric fan and its moisture content 
was kept down by exposure to sticks of P 2 0 5 contained in a 
shallow porcelain dish. Samples of air were taken from the 
chamber at the beginning and the end of a test and analyzed 
for C0 2 and 0 2 . The gaseous exchange of the animal was 
computed from, a) the difference in composition of the cham¬ 
ber air at standard temperature and pressure; b) the air 
volume of the chamber, and, c) the elapsed time. The tests 
generally continued for about 60 minutes, during which time 
the C0 2 content of the air reached a concentration of about 
1 per cent. To prevent any appreciable leakage of air into or 
out of the chamber, the temperature within the chamber was 

4 Grateful acknowledgment is made to the Graduate School of the University of 
Illinois which provided funds for the construction of this pneumatic chamber. 
Without this timely aid, it would not have been possible to extend the investigation 
to pigs. 
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not allowed to rise above the temperature outside, a result 
secured by continuously running water over it. What small 
leakage occurred, was corrected for on the basis of the nitro¬ 
gen content of the chamber air. 

With pigs the influence of muscular activity upon the heat 
production could not be as easily removed as with the smaller 
animals. The only recourse was to discard the measurements 
obtained during periods of appreciable activity, which was 
possible, because the pig could be observed through a window 
in the chamber. The test was then repeated until a period of 
absolute rest was obtained. 

Both methods of determining the basal metabolism neglect 
protein metabolism, since the total respiratory quotients are 
used in the calculations as non-protein respiratory quotients. 
The error introduced by this simplification, which is com¬ 
monly made in such work, is negligible under basal, and even 
under most conditions, rarely exceeding 2 per cent. 

The significance and reproducibility of a basal metabolism 
determination depend very largely upon the removal of the 
stimulus to heat production exerted by the last meal. The ex¬ 
perimental rats were fasted for at least 17 hours before the 
basal measurements were made. On the basis of the work of 
Benedict and MacLeod (’29a), it was concluded that post- 
absorptive conditions prevailed after this time. For the 
other species of animals, special tests were made to deter¬ 
mine the time of removal of the food stimulus. 

A study was undertaken with five mice to determine the 
necessary fasting period, from which it appears that 10 hours 
are sufficient for the establishment of a constant rate of heat 
production. After 10 hours of fasting, the R.Q.’s were usu¬ 
ally in the neighborhood of 0.72 to 0.73, which constitutes ad¬ 
ditional evidence that the mouse at this time is catabolizing 
its own tissues. 

A similar investigation with four guinea pigs showed that, 
under the conditions of feeding imposed, at least 20 to 22 
hours of fasting were necessary for the attainment of a true 
basal condition of metabolism. 
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The results obtained with three rabbits are interesting. The 
heat production was determined at twelve hour intervals for 
periods of 72 or 84 hours, with the results given in table 1. 
The low rates of heat production for all three rabbits after 
24 hours of fast are difficult to understand. A constant level 
of heat production was obtained only after 60 hours of fast. 


TABLE 1 

The heat production of rabbits after different periods of fasting 


ANIMAL 

NO. 

BODY 

WEIGHT 

TIME 

FASTED 

DAILY HEAT 
PRODUCTION 

HEAT PRODUCTION 
PER DAY PER M* 

OF BODY SURFACE 

«.Q. 


gm. 

hr. 

cal. 

cal. 


RI 

2330 

10 

206.9 

1250 

0.88 


2250 

24 

106.8 

655 

0.85 


2310 

24 

105.7 

641 

0.86 


2240 

36 

126.6 

777 

0.83 


2215 

36 

121.0 

747 

0.81 


2240 

48 

112.0 

688 

0.77 


2170 

60 

94.2 

587 

0.74 


2240 

72 

90.5 

556 

0.71 


2155 

84 

102.1 

638 

0.70 

R2 

2308 

10 

198.4 

1204 

0.90 


2200 

24 

116.5 

722 

0.81 


2120 

36 

152.8 

984 

0.79 


2100 

48 

147.4 

931 

0.79 


2120 

60 

119.6 

755 

0.73 

; 

2110 

72 

118.3 

747 

0.70 

R3 

2550 

24 

125.7 

730 

0.81 


2500 

42 

159.0 

932 

0.77 


2570 

66 

120.5 

698 

0.75 


2565 

72 

122.9 

712 

0.69 


The rate of decline in heat production during fast for two 
pigs is shown by the values contained in table 2. The decline 
is very gradual, in spite of the simple structure of the gastro¬ 
intestinal tract in the pig. Only after 96 hours of fast may 
the heat production be considered to have reached a fairly 
constant level. This finding is in agreement with the work 
of Lenkeit (’31), who reported that only after 4 days had 
the major portion of a test meal completely traversed the 
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alimentary canal of the pig. Capstick and Wood (’22-’23) 
found that the metabolism of a pig decreased after feeding 
for about 90 hours. 

Hence, in the routine measurement of the basal metabolism 
of the animals used in this experiment, the following periods 
of fast were imposed: mice 10 hours, rats 17 hours, guinea 
pigs 22 hours, rabbits 60 hours and pigs 96 hours. 

To remove the stimulus of cold, which is also incompatible 
with a basal condition of metabolism, it is necessary to main¬ 
tain an environmental temperature above a certain minimum, 
which is known as the ‘critical’ temperature. The following 


TABLE 2 

The heat production of pigs after different periods of fasting 


TIME 

TASTED 

PIG NO. 4 

PIG NO. 5 

R.Q. 

Heat production 
per m a per hour 

R.Q. 

Heat production 
per m* per hour 

hr. 


cal. 


cal. 

4 

0.99 

74.5 I 

1.20 

86.9 

24 

1.00 

85.0 

0.83 

63.9 

48 

0.85 

51.0 

0.79 

52.6 

72 

0.80 

51.5 

0.78 

39.0 

96 

0.79 

45.2 

0.80 

38.7 

120 

0.75 

42.4 

0.78 

35.3 

144 

0.74 

44.2 

0.79 

32.0 


minimal temperatures were observed throughout this work; 
the evidence, where available, that these temperatures are 
critical will be found in the literature articles cited: 

Mouse, 29 to 30°C. (Asfodi, *21; Benedict and Fox, *32-33). 

Bat, 28°C. (Benedict and McLeod, *29 b). 

Guinea pig, 32 to 33 °C. (Murschhauser, *12; Bubner, *02). 

Babbit, 27 to 28°C. 

Pig, 21°C. (Capstick and Wood, *22; Deighton, *29). 

It was assumed that the rabbit, with its ample fur covering, 
would not exhibit a cold stimulus at a temperature as high as 
27 to 28°, though no experimental evidence on this point was 
obtained from the literature. 
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The endogenous nitrogen excretion. The low-nitrogen 
rations used in reducing the experimental animals to the mini¬ 
mum endogenous catabolism are described in table 3. It will 
be noted that the ration used for pigs contained no consider¬ 
able source of nitrogen, with the exception of 1 per cent of 


TABLE 3 

Percentage composition of the experimental rations 



STANDARD 

RATION 


NITROGEN-LOW RATIONS YOK 


INGREDIENTS 

Bats 

I Guinea 
Pigs 

Mice 

Babbits 

Pigs 

Dried ether-extracted 
whole egg 


5.02 

J 

5.02 

5.02 

5.02 


Casein 

12.14 

.... 

.... 

.... 

• •. • 

.... 

Salts 

4.00 

4.00 

4.00 

4.00 

4.50* 

4.00* 

Butterfat 

10.00 

10.00 

12.00 

10.00 

.... 

• ♦ • • 

Cod liver oil 

.... 

.... 

.... 

.... 

2.00 

1.00 

Mazola oil 

.... 

.... 

.... 

.... 

10.00 

.... 

Sodium chloride 

1.00 

1.00 

1.00 

1.00 

1.00 

• * • . 

Sucrose 

10.00 

10.00 

10.00 

10.00 

10.00 

.... 

Cellu flour* 

4.00 

4.00 

20.00 

4.00 

25.00 

.... 

Cellomass 

.... 

.... 

.... 

.... 

1.00 

2.00 

Yeast 

.... 

.... 

.... 

.... 

1.00 

1.00 

Starch 

58.86 

65.98 

47.98 

65.98 

40.48 

92.00 

Per cent nitrogen 


0.65 

0.67 

0.65 

0.68 

0.14 

Calories per gram 4 


4.0 

4.2 

4.0 

4.3 

4.0 


1 A modified Osborne and Mendel salt mixture, proposed by P. B. Hawk and 
B. L. Oser, 1931, Science, vol. 74, p. 369. 

*Salt mixture for pigs. Steamed bone meal 15 parts, ground limestone 15, 
sodium chloride 15, magnesium carbonate 1.5, potassium carbonate 1.5, potassium 
sulphate 1.0, ferric chloride 0.75, potassium iodide 0.25. 

*Cellu flour is a product put out by the Chicago Dietetic Supply House. By 
actual analysis it contains 37.8 per cent crude fiber, and only 0.015 per cent of 
nitrogen. 

4 Determined by the Parr oxygen bomb calorimeter. 


yeast, while the rations used for the other animals contained 
approximately 5 per cent of dried ether-extracted whole egg. 
Mitchell and Carman (’26 c, p. 200) have shown that egg 
protein at this low level does not affect the output of either 
fecal or urinary nitrogen, while its presence in the diet main¬ 
tains the appetite and the weight of experimental rats much 
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better than does a practically nitrogen-free diet. The cost of 
this egg preparation prevented its use in the pig experiment. 

The period of time required to attain the endogenous nitro¬ 
gen excretion will vary with the different species. It has been 
shown by Mitchell ('24, tables 15 and 16) and again by Mit¬ 
chell and Carman (’26 c, table 17) that the rat rapidly adjusts 
itself to its endogenous nitrogen metabolism, only 3 or 4 days 
being required, and maintains a constant level, biologically 
speaking, for at least 10 days or 2 weeks. However, in the 
present investigation the experimental rats were kept for 
6 days on the low nitrogen diet before the collection of urine 
was started. 

To determine the necessary period of preliminary feeding 
for the other species of animals, tests were made upon three 
representatives of each species, the outcome of which is given 
in table 4. As a result of these tests, in all subsequent work 
the following periods of preliminary feeding were adopted: 
for mice, 5 days; for guinea pigs, 8 days; for rabbits, 15 days ; 
and for pigs, 20 days. 

The periods for the collection of urine were in all cases 7 
days in length. The animals generally ate well during these 
tests, but if there was a distinct failure of appetite and a 
corresponding rapid loss in weight, the animal was discarded. 

All of the animals were confined in individual dishes or 
cages, varying in size with the size of animal, but similar in 
design. In all cases, the animal rested upon a perforated 
floor, made of glazed earthenware (rats and mice), hardware 
cloth of \ inch mesh (guinea pigs), aluminum alloy bars (rab¬ 
bits), or heavy reinforced wire fencing of 1 inch mesh (pigs). 
The feces were readily passed through this floor, except in 
the case of the pigs, and were caught upon copper window 
screening suspended between the perforated floor and the bot¬ 
tom of the dish or cage to which the urine drained. In the 
metabolism receptacles in which the mice, rats and guinea pigs 
were confined, the urine was absorbed upon filter paper; in the 
rabbit and pig cages it drained along a sloping surface to a 
container below. The collections of urine were made daily 



ENEBGY AND NITBOGEN METABOLISM 


417 


by the methods employed in this laboratory, the adequacy 
of which has been satisfactorily demonstrated. The complete¬ 
ness of the collections for rats and mice, about which some 
investigators are sceptical, was retested in connection with 
these studies, and percentage recoveries of 97.5 to 99.6 were 
obtained in nine trials. 


TABLE A 

The adjustment of the urinary nitrogen to the endogenous level in mice, guinea pigs, rabbits 
and pigs. Results expressed in milligrams per day 


DAY* OK 
LOW- 

MICK 

OUIKIA pros 

RABBITS 

PIGS 

NITRQGIN 













RATION 

No. 1 

No, 2 

No. 3 

No. 1 

No. 2 

No. 3 

No. 1 

No. 2 

No. 3 

No. 1 

No, 2 

No. 3 

1 

15.0 

17.8 

15.8 










2 

14.6 

17.4 

15.0 










3 

13.4 

16.9 

14.3 

146 









4 

13.0 

16.9 

14.5 

144 









5 

13.1 

16.6 

13.7 

138 

124 

132 







6 

13.3 

17.8 

14.6 

128 

123 

122 







7 


16.6 


115 

99 

115 

558 



6292 

3312 

4889 

8 




111 

92 

113 

436 

400 


7065 

3193 

4492 

9 




111 

90 

95 




6008 


5213 

10 




110 

93 

110 

433 


278 

4782 

3152 

4795 

11 




110 

92 

93 

413 

376 

270 

4876 

3053 
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All urine collections were analyzed for total nitrogen by the 
Kjeldahl method, using mercury and potassium sulfate in the 
digestion mixture, and for total creatinine (including any 
creatine present) by a modification of the Folin method al¬ 
ready described (Mitchell and Carman, ’26 c). 

THE RESULTS OP THE EXPERIMENTS 

The essential results of the experiments, averaged to save 
space, are given in table 5 together with statistical measures 
of the variation of the individual data. The average data 
from the initial basal metabolism determinations® are given 
and related to the average total endogenous nitrogen excre¬ 
tions, the ratios in the last column being obtained from the 
two individual measures expressed per m 2 of body surface. 
The average creatinine excretions are given in various forms 
and, in the last column, the average ratio of the creatinine N 
to the output of basal heat, both being expressed on the sur¬ 
face area basis. 

The basal metabolism determinations of this study may 
profitably be compared with some of those previously re¬ 
ported on the same species of animals by other investigators, 
representing what appear to be the best published determina¬ 
tions on animals in the later stages of growth. All values 
cited below have been computed from surface areas estimated 
according to the formulas given on page 419. They are hence 
directly comparable with one another. 

For mice, the reported values are extremely variable, proba¬ 
bly because of the difficulty of maintaining quietness for any 
length of time with this species—a point which Benedict and 
Fox (’32-’33), in particular, emphasize. However, the aver¬ 
age basal metabolism rate obtained in this experiment, 1192 
calories per m 2 per day, is considerably higher than that of 
Benedict and Fox, 726 calories, or the closely agreeing values 
of Davis and van Dyke (’33), 735 calories, and of Aszodi (’21), 

1 In these basal metabolism determinations, the respiratory quotients averaged 
0.72 for mice, rats and guinea pigs, 0.73 for rabbits, and 0.75 for pigs. The 
individual quotients varied only from 0.70 to 0.75 with two exceptions: for two 
of the pigs the R.Q. was 0.79. 
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746 calories. This is the more puzzling, since none of these 
investigators claims that his animals were completely quies¬ 
cent, while in this study the experimental mice were observed 
to be at absolute rest. A possible explanation is the apparent 
instability of the temperature-regulating mechanism of the 
mouse—a phenomenon described in considerable detail by 
Aszodi. 

The basal metabolism values for rats obtained in this ex¬ 
periment, averaging 748 calories per m 2 per day, were quite 
in line with previously reported values, but show no appreci¬ 
able sex difference. Thus, Mitchall and Carman (’26 b) have 
reported results on forty-two rats averaging 777 and 731 
calories per m 2 for male and female rats, respectively, while 
values of Benedict and MacLeod (’29 b) on seventeen rats 
average 798 and 741 calories, respectively. The values for 
guinea pigs, averaging 958 calories per m 2 , agree well with the 
results of Murschhauser and Hidding (’12) on four animals, 
averaging 902 calories, but are somewhat higher than the 
average reported briefly (148 animals) by Siebert and Thurs¬ 
ton (’31-’32), i.e., 856 calories. This is the lowest average 
value reported in the literature; it seems possible that the 
subjection of the experimental animals in these studies to a 
basal metabolism test three to four times a week may have 
depressed the value to subnormal levels. 

The conditions for the determination of the basal metabo¬ 
lism of rabbits have never been defined, in so far as the author 
is aware. None of the published results of such work specifies 
the environmental temperature imposed, and none but that of 
Wiegner and Ghoneim (’30-’31) can, in view of the tests on 
this point described above, be considered to be truly post- 
absorptive values. The average value of the ten secured in 
this experiment, 777 calories per m 2 , approximates that of 
Wiegner and Ghoneim, 728 calories. That it also approxi¬ 
mates other results which were obtained after much shorter 
periods of fasting, may be traced to the peculiar fact noted 
above, namely, that a level of metabolisip similar to the true 
post-absorptive level is reached after only 24 hours of fast 
and possibly somewhat earlier. 
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The basal metabolism of the five pigs in this experiment 
averaged 959 calories per m 2 per day—a somewhat lower value 
than any previously reported, although it approximates the 
one result of Capstick and Wood (’22), 1027 calories, and the 
later results of Deighton (’29) on two pigs, averaging 1079 
calories. From Brody’s work (’32 b, table 8) female pigs, 
weighing 75 pounds or more, were found to have basal 
metabolic rates averaging 1026 calories per m 2 per day. There 
may be some question whether these values represent the 
true post-absorptive conditions, because of the shortness of 
the fasting period. 

The plan of the experiment contemplated a second basal 
metabolism determination upon all animals at the conclusion 
of the period of low nitrogen feeding, but a complete second 
series of such measurements was made only in the case of the 
male rats and the guinea pigs. For the rats, the second series 
of results checked well with the first (1 per cent average dif¬ 
ference), indicating that the basal metabolic rate was not dis¬ 
turbed by this abnormal dietary regime. For the guinea pigs, 
however, a consistent rise in basal metabolism was observed, 
averaging about 10 per cent. 

For most animals, published measurements of the endoge¬ 
nous nitrogen output are few, if any at all have been reported, 
and in this connection the many results of Terroine and as¬ 
sociates cannot, unfortunately, be used, because his so-called 
‘endogenous nitrogen’ includes both urinary and fecal nitro¬ 
gen on a nitrogen-free diet. 

From a compilation of 450 determinations of the endoge¬ 
nous nitrogen of rats, mainly from the Division of Animal 
Nutrition of the University of Illinois, but also from other 
laboratories in this country and Europe, an average value of 
1238 mg. of nitrogen per m 2 of body surface was computed. 
The rats varied in weight from less than 30 gm. to 450 gm. 
There was an apparent tendency for this ratio to be somewhat 
higher for the heavier rats, averaging about 1430 mg. for rats 
weighing 150 gm. or more. This value is very close to the 
average obtained in this study of 1481 mg. for both male and 
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female rats. Ashworth and Brody’s voluminous data (’33a) 
on the endogenous nitrogen excretion of rats were obtained 
intermittently during prolonged periods of feeding on low- 
nitrogen diets. Such data in their entirety are not comparable 
with the data reported in this paper, since it is probable that 
the excretion of nitrogen in the urine after such prolonged 
feeding of this character does not represent the endogenous 
level of nitrogen metabolism any more than the. heat produc¬ 
tion after prolonged fasting represents the basal metabolism. 
Hence, the low levels of nitrogen output reported by the 
Missouri investigators, averaging only about 1000 mg. per m* 
of body surface, are not surprising in view of the long periods 
of specific nitrogen starvation. Unfortunately, in the tables 
presenting their data, no information concerning the time at 
which ration changes were made is given, thus precluding the 
selection of such of their data as were obtained under condi- 
ditions comparable to those adopted in this study. 

The average excretion of endogenous nitrogen found for 
the rabbit, 1652 mg. per m 2 of body surface, is higher than the 
few determinations of this quantity reported in the litera¬ 
ture. Mendel and Bose (11-12) fed one rabbit on sugar 
for a sufficient period of time to attain a constant level of 
nitrogen output, averaging 1466 mg. per m 2 of body surface. 
A somewhat similar study was conducted by Myers and Fine 
(13) on one rabbit. During a 7-week period of carbohydrate 
feeding, the total urinary nitrogen output averaged 1276 mg. 
per m 2 of body surface. In a report by Serio (’23), data are 
given on the urinary nitrogen output of a rabbit during a 
period of low-nitrogen feeding. For the last 6 days of this 
period the excretion averaged 1313 mg. per m 2 . Although 
these three results on the rabbit are less than the average 
excretion obtained for the ten rabbits in this study, they fall 
essentially within the range of the individual results, i.e., 
1278 to 2015 mg. 

The average of 2006 mg. of endogenous nitrogen per m 2 of 
body surface for five pigs may be compared with an average 
of 1844 mg. for five pigs of similar weight from experiments 
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of McCollum and Steenbock (’12) and McCollum and Hoag- 
land (’13), and an average of 2297 mg. for eight pigs from 
the experiments of Mitchell and Kick (’27). 

Determinations of the endogenous urinary nitrogen excre¬ 
tions for the mouse and guinea pig, with which to compare 
those made in this study, have not been found in the litera¬ 
ture. Such comparisons as have just been made are of value 
in judging the validity of the relations between basal metabo¬ 
lism and endogenous nitrogen metabolism that will be dis¬ 
cussed in the next section of this report. 

DISCUSSION OF EXPERIMENTAL RESULTS 

From the averaged data of table 5, it is evident that both 
the basal metabolism and the endogenous nitrogen excretion 
are much more closely related to body surface than to body 
weight, since, when expressed to the unit of body surface, 
much less variable values are obtained among the different 
species than when expressed to the unit of body weight. Also, 
it is evident that a marked correlation exists between the two 
measurements, so that the ratio of endogenous nitrogen in 
milligrams to basal calories is remarkably constant among the 
five species of animals studied. The average ratio is approxi¬ 
mately 2.00 mg. of endogenous nitrogen excreted for every 
calorie of basal heat produced. While the differences in aver¬ 
age ratio between some of the species, namely, between rabbits 
and rats, mice, or guinea pigs, and between pigs and guinea 
pigs or mice, are statistically significant, this fact is due more 
to the great constancy of the ratio within each species rather 
than to any great disparity between average specific ratios. 

The variability of the ratio within each species is well 
measured by the coefficient of variation. These coefficients are 
7.01 for mice, 8.10 for rats, 7.86 for guinea pigs, 4.26 for 
rabbits and 6.10 for pigs. These degrees of variability may be 
compared, for example, with the variability in the basal heat 
production of adult human beings, expressed per m 2 of body 
surface. As calculated by Harris and Benedict (’19, p. 147) 
for different series of observations, the coefficient of variation 
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ranges from 6.75 to 11.13, except for a small series of measure¬ 
ments on athletes, for which the coefficient of variation was 
3.97. 

The most striking confirmation of the close correlation exist¬ 
ing between the basal metabolic rate and the endogenous 
excretion of nitrogen is afforded by the data on rats and rab¬ 
bits. The animals of these two species selected for the ex¬ 
periment were in quite different nutritive states, some having 
been taken from other experiments—this being true of all of 
the rabbits—in which different conditions were imposed, and 
some having come directly from the stock colony. As a re¬ 
sult, they were the most variable groups, both with reference 
to the basal metabolism and to the excretion of endogenous 
nitrogen, as the coefficients of variation (table 5) indicate. 
But in spite of this great variability in these two factors 
among the rats and the rabbits, the ratio between them was 
not unusually variable; in fact, for the rabbits the ratio was 
more nearly constant than for any other species. 

The percentage deviations of the individual ratios of en¬ 
dogenous nitrogen to basal calories from the average ratio for 
all animals, 2.00, average 6.86. Seventy-seven per cent of 
these percentage deviations are no greater than 10, and 93 
per cent of them are no greater than 15. The coefficient of 
variation of the individual ratios about the mean of all is 8.12. 
The ratio of endogenous nitrogen to basal metabolism thus 
appears to be as constant within these five species of animals 
as the ratio of basal metabolism to body surface is within 
the human species, and far more constant than the latter ratio 
among different species. 

The applicability of this very constant ratio of 2 mg. of 
endogenous nitrogen for each calorie of basal heat to the 
human species may be tested from the data of two investi¬ 
gations in which the experimental subject was submitted to 
both measurements. Smith (’26), in his study of the en¬ 
dogenous nitrogen metabolism, also measured the basal 
metabolism of his subject twice during the period of low- 
nitrogen feeding. The first determination was made on the 
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thirteenth day of this regime, on which day the subject was 
producing 1383 basal calories and excreting 2880 mg. of 
urinary nitrogen, representing a ratio of 2.08 mg. of nitrogen 
per calorie. At this time, contrary to the experience of Folin 
and others, the urinary nitrogen had not yet reached a con¬ 
stant level, and shortly after this time its rate of excretion 
diminished rapidly to the twenty-fifth day of low-nitrogen 
feeding, when the second basal metabolism determination was 
made. The ratio of endogenous nitrogen to basal heat now 
was only 1 mg. per calorie. Two years later, Deuel, Sandiford, 
Sandiford and Boothby (’28) published their study of the 
nitrogen minimum in man, throughout which frequent deter¬ 
minations of basal metabolism were made. The first period of 
this experiment consisted of 30 days of low-nitrogen feed¬ 
ing, and is the only period that need be considered in this con¬ 
nection, since in the later periods conditions were imposed 
that would be expected to induce rates of excretion of urinary 
nitrogen bearing no known relation to Folin’s endogenous 
metabolism. On the ninth day of specific nitrogen starvation, 
the urinary nitrogen excretion had attained an approximate 
level, and the ratio of this excretion to the basal heat was 
1.96 mg. per calorie. For the next period of 7 days, the ratio 
was 2.21, and for the next period of 6 days it was 1.95. After 
this time the ratio decreased to 1.44 mg. per calorie. 

These two experiments, and particularly the latter, con¬ 
stituting the only published evidence known to the writer, 
indicate that in the human species, as in the lower animals, 
the endogenous nitrogen output bears a ratio to the basal 
heat approximating 2.0 mg. to the calorie. They also indi¬ 
cate that protracted feeding on low-nitrogen diets may dis¬ 
turb this ratio by depressing the endogenous nitrogen output, 
just as protracted fasting depresses the basal metabolism. 
Possibly the erratic and generally low ratios reported for 
rats by Ashworth and Brody (’33 a) are traceable to the 
variable, but generally long periods of low-nitrogen feeding. 

The relation between the creatinine excretion and the basal 
metabolism for the fifty-six animals of this experiment is also 
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set forth in table 5. Within any one species the ratio of 
creatinine nitrogen to basal calories is fairly constant, as 
Palmer, Means and Gamble (14) found for humans, this 
being particularly true for mice, rats and guinea pigs. But 
among the different species, the average ratios increase in 
size with size of animal, being 0.095 mg. per calorie for mice, 
0.141 mg. for rats, 0.137 mg. for guinea pigs, 0.304 mg. for 
rabbits, and 0.378 mg. for pigs, this being in general agree¬ 
ment with the experimental results of Terroine and Garot 
(’26). Among rats a distinct sex effect is evident, the ratios 
of the males being distinctly higher than those of the females, 
the averages being, respectively, 0.148 and 0.129 mg. of 
creatinine nitrogen per calorie of basal heat. 

The inconstancy of the ratio of creatinine to basal heat in 
interspecific comparisons, in spite of the constancy of the 
ratio of total endogenous nitrogen to basal heat, is the result 
of specific differences in the percentage of endogenous nitro¬ 
gen represented in the creatinine excretion. This percentage 
is low for the mouse, 4.92, intermediate for the rat and guinea 
pig, 7.11 and 7.18, and high for the rabbit and pig, 14.3 and 
18.2, showing a positive correlation with body size. In seek¬ 
ing an explanation of these interesting relationships, refer¬ 
ence may be made to the data collected and compiled by 
Grafe, Reinwein and Singer (’25), with reference to tissue 
respiration when in situ and when removed from the body. 
From their own data and from data compiled from the 
literature, they show that similar tissues from different warm 
blooded animals respire at about the same rate (expressed as 
oxygen consumed per gram of dry matter per minute) when 
removed from the body, although in situ they respire at 
markedly different rates in rough accordance with the sur¬ 
face area law. Furthermore, only in the small animals, such 
as the mouse, is the rate of respiration of the intact tissue 
as great as that of the excised tissue. The larger the animal, 
the greater the depression of tissue respiration with reference 
to that of the isolated tissue. 



ENERGY AND NITROGEN METABOLISM 


427 


From the results of this experiment one may reasonably 
infer that there is in all warm blooded animals a constant (in 
the biological sense) ratio between the basal tissue respira¬ 
tion and the basal catabolism of the nitrogen-containing tis¬ 
sue constituents. In small animals, such as the mouse, in 
which the tissue respiration is the same whether in situ or 
isolated, the metabolism of creatine accounts for only a small 
fraction of the total endogenous nitrogen metabolism. In 
larger animals, in which the rate of tissue respiration in situ 
becomes increasing smaller than that of the excised tissue, 
the creatine metabolism assumes a larger and larger role in 
the total endogenous nitrogen metabolism. In other words, 
the depression of tissue oxidation in large animals, brought 
about by some unknown regulatory mechanism the operation 
of which results in approximate conformance to the surface 
area law, is accompanied by a parallel depression of the en¬ 
dogenous catabolism, but the greater burden of this latter 
depression is borne by the non-creatine constituents of the 
tissues. Whether this means a greater depression of respira¬ 
tion in the non-muscular tissues than in the muscular tissues 
is an interesting question. 

The results of this investigation, together with the work 
of Terroine and associates, afford a promising method of 
estimating the maintenance requirements of protein for dif¬ 
ferent animals from the basal metabolism. According to 
this method, 2 mg. of nitrogen, or 12.5 mg. of conventional 
protein, are required daily for each calorie of basal heat. 
Since basal metabolism varies with body surface rather than 
with body weight itself, it may be concluded that the protein 
requirements for maintenance vary likewise, and that the 
current method of expressing such requirements per unit of 
body weight is definitely in error. While the investigation 
reported here was concerned mainly with adult animals, Sorg- 
Matter (’28) found that age did not disturb the relationship 
between endogenous nitrogen and basal heat, so that, until 
evidence to the contrary is forthcoming, it seems justifiable to 
apply the above ratio to warm blooded animals of all ages. 
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Brody (’32a) has shown that the basal metabolism of 
mature mammals and of the domestic fowl may be predicted 
by the following equation 

Q = 70.4 m m 

where Q is the basal heat in calories per 24 hours and m is fhe 
body weight in kilograms. This equation may be adapted to 
a determination of the protein requirements by the use of 
the ratio of 12.5 mg. of protein per calorie of basal heat. The 
equation then becomes 

P = .88 m ~ 

where P is the day’s requirement of protein expressed in 
grams. 

It should be understood that this expression of the protein 
requirement for maintenance refers not to dietary protein, 
nor to digestible protein, but to protein actually utilized in 
the replacement of endogenous losses. The corresponding 
amount of dietary protein would be larger than this, and 
would be greater, the greater its wastage in metabolism and 
hence the smaller its biological value. A biological value of 
50 may be regarded as a safe one to use in estimating what 
may be considered an average requirement of digestible pro¬ 
tein. Hence, the net requirement of protein, as computed 
from the above equation, when multiplied by 2 will give an 
estimate of the requirement of digestible protein of less than 
average quality. In fact, when even poor protein mixtures are 
fed at the low level required in a maintenance ration, they 
should be much better utilized than 50 per cent, so that the 
margin of safety in this proposed estimate of the maintenance 
requirement of protein seems ample. 

How do the requirements computed in this manner com¬ 
pare with the requirements estimated by the methods of Sher¬ 
man (’20) and of Armsby (’17)? These methods agree in 
assigning 0.6 part of digestible protein per 1000 parts of live 
weight, the Sherman method relating only to humans, while 
Armsby’s method relates to domesticated farm animals of 
varied sizes. The comparison is given in table 6 for animals 
ranging in size from 100 gm. to 681 kg. 
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It is evident that for animals heavier than abont 150 pounds, 
the proposed method gives lower estimates than the other 
methods. At 150 pounds the estimates are very nearly the 
same, and at lower weights, the method here proposed gives 
higher estimates. The lower proposed estimates for the 
heavier animals is in line with the well-known liberality of 
the Armsby standard for such animals as beef cattle and dairy 
cattle, while the higher proposed estimates for very small 
animals seem obviously nearer the truth. For example, a 
200 gm. rat has a basal metabolism of 22.5 calories daily 

TABLE 6 

A comparison of methods of estimating the requirements of animals for digestible 

protein for maintenance 


DIGESTIBLE PROTEIN REQUIRED ACCORDING TO 


BODY WEIGHT OF 
ANIMAL 

PROPOSED METHOD 

THE METHOD OF ARMSBY (AND 

OF SHERMAN FOR MAN) 

kg. 

lb. 

gm. 

lb. 

gm. 

lb. 

681 

1500 

211 

0.465 

409 

0.90 

454 

1000 

157 

0.35 

272 

0.60 

227 

500 

94 

0.208 

136 

0.30 

91 

200 

48 

0.106 

54 

0.120 

68 

150 

39 

0.086 

41 

0.090 

45 

100 

29 

0.064 

27 

0.060 

2.2 

5 

3.15 

0.007 

1.36 

0.003 

0.2 

0.44 

0.540 


0.120 


0.1 

0.22 | 

0.325 


0.060 



and would require for maintenance of body weight approxi¬ 
mately 30 calories of gross food energy (Mitchell and Car¬ 
man, ’26 a) daily, or 7 gm. of food with an energy value of 
4.25 calories per gram (also, Mitchell, ’24, p. 880). If this 
ration contains 4 per cent of a high quality protein, such as 
egg protein, it will slightly more than support nitrogen 
equilibrium, according to the experience of this laboratory. 
Seven grams of such a ration will contain 280 mg. of protein. 
But egg protein at this level seems to be completely utilized 
in metabolism (Mitchell and Carman, ’26 c). For a protein 
with a biological value of 50, assumed for the estimates in 
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table 6, 560 mg. of protein (280 X 2) would be required. The 
estimate given in the table for a 200 gm. animal is 540 mg., 
while the Armsby standard prescribes only 120 mg. 

The estimates in table 6 relate only to mature animals, since 
the Brody equation on which they are in part based is so 
restricted. To estimate the requirements of protein for the 
maintenance of young growing animals, the Brody equations 
relating basal metabolism to body weight for different species 
(Brody, ’32 b) may well be used. 

CONCLUSIONS 

Among the species of animals investigated (mouse, rat, 
guinea pig, rabbit and pig), the smaller the body size the more 
rapid is the adjustment to the post-absorptive condition dur¬ 
ing fasting, and the more rapid is the adjustment to the en¬ 
dogenous level of nitrogen excretion in the urine during 
specific nitrogen starvation. 

Among warm blooded animals, the total endogenous nitro¬ 
gen output—and hence the protein requirement for main¬ 
tenance—varies more nearly with the body surface than with 
the body weight. 

There is a close relationship between the total endogenous 
nitrogen excretion of warm blooded animals varying widely 
in size and their basal metabolism, such that 2 mg. of nitro¬ 
gen are lost to the body daily for every calorie of basal heat. 
This relationship appears to apply also to the human species. 
The endogenous catabolism of an animal, regardless of 
species, may be estimated in this manner from its basal heat 
production as accurately as the latter may be estimated (under 
the best conditions) from its body surface or body weight. 
This estimate of the endogenous loss of nitrogen is the basic 
information necessary to compute the maintenance require¬ 
ment of protein. 

Although within any species a fairly constant relationship 
exists between the excretion of creatinine and the basal 
metabolism, there is no constant relationship among different 
species in this respect, because for different species the 
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creatinine nitrogen characteristically accounts for different 
percentages of the total endogenous nitrogen. The smaller 
the body size in a species, the smaller the percentage of the 
total endogenous nitrogen represented in the creatinine 
output. 
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The question of the rate of absorption of carbohydrates 
from the gastro-intestinal tract is intimately related to any 
problem of glycogen synthesis. Cori (’25) concluded that 
the rate of absorption of hexoses was independent of the 
absolute amount and concentration of the sugar in the in¬ 
testine, giving a straight line relationship between the absorp¬ 
tion rate and time. Magee (’30) states that Auchinachie, 
Macleod and Magee in unpublished work had, in general, con¬ 
firmed Cori’s results for ‘sugar.’ Wishnofsky (’34), using 
fourteen human female diabetics, also reached the conclusion 
that the rate of absorption of dextrose from the human 
gastro-intestinal tract was the same, regardless of the abso¬ 
lute amount present and affirmed as a corollary to this that 
the rate of absorption of dextrose was constant. We feel 
that for the data presented only one of the three groups in 
his table 1 warrants such a conclusion. Pierce, Osgood and 
Polansky (’29) concluded that there was a falling off in the 
rate of absorption during the second and especially the third 
hour after feeding. Cori, Cori and Goltz (’29) pointed out 
that Pierce et al. did not feed enough sugar to enable absorp¬ 
tion to proceed for 3 hours. Since 1929, results from several 
laboratories have been published showing that the rate of 
glucose absorption is not uniform as stated by Cori, but tends 
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to decrease with time. Burget, Moore and Lloyd (’32) state, 
“The average results of our experiments on rats show a 
decided decrease in absorption during the second hour.” 
These workers did not study absorption rates after 2 hours. 
Ravdin, Johnston and Morrison (’33), using fox hounds with 
jejunal loops, state, “When the amount of sugar absorbed 
is plotted against time, no linear relationship can be demon¬ 
strated.” Burget, Moore and Lloyd (’33), studying absorp¬ 
tion of glucose by chronic loops of colon, present data which 
lead us to infer that there is a more rapid absorption during 
the early than during the late stages of a 90-minute period, 
although it is difficult to tell whether the data for the periods 
in their table 2 are cumulative or differences for successive 
periods. MacKay and Bergman (’33a, ’33b), using rats, 
studied the rate of absorption of glucose in relation to the 
previous diet and found a falling off in the absorption rate 
in successive hours. Trimble, Carey and Maddock (’33), 
utilizing Cori’s technic with dogs, found no definite relation¬ 
ship between variations in the concentration or absolute 
weight of glucose ingested and the rate of absorption. As 
MacKay and Bergman (’33 b) have pointed out, this is ap¬ 
parently true under the particular conditions of their experi¬ 
ments. The glucose fed was increased the longer the absorp¬ 
tion period, thus 2.12 gm. glucose per kilo were given to dogs 
for the 1-hour period, 3.21 gm. per kilo for the 2-hour period, 
and 4.26 gm. per kilo for the 3-hour period. It seems likely 
that the sustained average rate of absorption was due to the 
increasing amounts of glucose fed. 

Evidence is accumulating that the concentration of the 
glucose solution fed is related to the amount of glucose ab¬ 
sorbed. Results reported by MacKay and Bergman (’33 b) 
and Ravdin and his associates (’33 a) show that by feeding 
increasing amounts of glucose or solutions of high concentra¬ 
tion, the rate of absorption is increased. 

Adam (’24) using infants, and Holtz and Schreiber (’30) 
using dogs, observed, by use of x-rays, the movement of sugar 
solutions containing either BaS0 4 or colloidal Si0 2 through 
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the alimentary tract. Their data reveal the importance of 
the emptying time of the stomach as related to possible effects 
upon sugar absorption. 

Ravdin and his associates (’33b) have presented results 
showing how sugar solutions of varying concentration are 
diluted to approximately the same percentage composition 
prior to their absorption from the intestine when such solu¬ 
tions are fed as described by Cori. Thus, the sugar solution 
coming into contact with the absorbing surface of the in¬ 
testine, having approximately the same concentration ir¬ 
respective of that of the original solution fed, should not 
cause much change in the absorption rate where the whole 
alimentary tract is used. 

In whichever manner absorption is studied, it is clear from 
the large variations obtained by Cori and associates, by 
MacKay and Bergman and by ourselves, that a large number 
of animals must be used to determine a dependable average 
and that the coefficients of variation must be given. 

OBJECT 

The object of the present investigation was twofold a) to 
redetermine the rate of absorption of glucose from the ali¬ 
mentary tract of rats; b) to compare this rate with that of 
other sugars requiring some digestion and to determine the 
relative rates of liver glycogen formation by these sugars; 
namely, a simple sugar, d-glucose (dextrose 2 ), a double sugar, 
sucrose and a complex of single, double and multiple sugars, 
such as pure corn syrup. 8 The rate of glycogenesis was then 
studied in relation to the rate of absorption. 

METHODS 

In part a) of this study rats weighing between 120 and 
270 gm. were used as experimental animals, seventeen of the 
130 animals being females. The greater proportion ranged 

* Supplied by the Corn Industries Research Foundation and confirmed as to 
purity by polariscope. 

* Supplied by the Com Industries Research Foundation and confirmed as to yield 
of total dextrose by hydrolysis. 
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from 150 to 200 gm. in weight and were selected from a colony 
of inbred Wistar stock available in the laboratory. Approxi¬ 
mately half of the animals received the stock diet mentioned 
by Pierce, Osgood and Polansky (’29), while the others had 
been fed on the standard stock diet of Purina dog chow since 
the time of weaning. 

In part b) adult male rats weighing from 150 to 300 gm. 
were used both for absorption and formation of glycogen in 
the liver. They were selected from the same colony of inbred 
Wistar stock. All had been fed on the standard stock diet 
of Purina dog chow since the time of weaning, thus reducing 
to a minimum differences in glycogenesis which might pos¬ 
sibly be due to the effect of the previous diet. The sugars 
were compared from the standpoint of equivalent quantities 
administered, and a 50 per cent solution of dextrose was used 
as the standard. Sucrose (Pfanstiehl) was therefore fed in 
a 47.5 per cent solution, and corn syrup was prepared in a 
solution equivalent to the 50 per cent dextrose solution from 
a knowledge of its percentage composition, confirmed by acid 
hydrolysis. 

TABLE 1 

Composition. of corn syrup 



DR? BASIS 

MOIST BASIS 


par cent 

per cent 

Dextrins 

56 

45 

Maltose 

27 

21.7 

Dextrose 

16 

12.9 

Ash 

0.25 

0.21 


Total milligrams carbohydrate per gram syrup = 796 


In part a) of this investigation, the rats were fasted for 
24 hours and then, with but few exceptions (when 2.0 cc. were 
administered), fed 2.5 cc. of a 50 per cent dextrose (Merck) 
by stomach tube using the Cori (’25) technic. At the end of 
1-, 2- and 3-hour intervals the different animals were killed by 
a blow on the head, the alimentary tract removed and washed, 
and glucose determined in the washings by the Bertrand 
method (Mathews, ’25). All precautions cited formerly 
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(Pierce, Osgood and Polansky, ’29) were observed. All of 
the data are taken from results obtained by one of us in 
person or by selected groups of medical students working 
under his immediate direction (series A, table 2). The results 
shown under series B were those obtained by the other author 
(F) working independently, while those in series C were 
obtained in an earlier study (Pierce, Osgood and Polansky, 
’29). These results are republished so that they may be com¬ 
pared with those of the present study, and also for the pur¬ 
pose of showing the effects of a 48-hour as compared with a 
24-hour fast on the absorption coefficients. 

In part b) the experimental animals were also fasted for 
a period of 24 hours, and then fed 2.5 cc. of the various carbo¬ 
hydrate solutions to be tested by stomach tube. At the end 
of 1-, 2- and 3-hour intervals, the animals were killed by a 
blow on the head, the livers quickly excised, the gastro¬ 
intestinal tract quickly ligated at the cardia and ileo-cecal 
valve, then removed, washed and the unabsorbed sugar 
determined. 

From the data thus obtained it was possible to deter¬ 
mine the rate of absorption of glucose in comparison with 
more complex sugars, as well as the relative rates at which 
glycogen was deposited in the tissues of the liver. 

RESULTS 

Absorption studies 

1. Absorption of glucose. Table 2 presents a summary of 
the results obtained in studying the rate of absorption of 
glucose with three groups of rats. Series A was designed 
especially to supply a larger body of data than any hitherto 
published. To meet the criticism of our original results by 
Cori, Cori and Goltz (’29), larger amounts of sugar were fed 
to insure the presence of sufficient sugar to permit the same 
sustained rate of absorption as was taking place during the 
1-hour absorption period. In only three of the thirty-seven 
rats used in series A for the 3-hour absorption period was 
there insufficient sugar to permit a rate of absorption as great 
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as that noted in the 1-hour period. In all of the other animals 
there was more than enough glucose to permit the higher 
rate of absorption obtained during the first period. It will 
be noted from the data in table 2 under series A that an 
average of 290 mg. glucose remained unabsorbed after 3 hours. 
The condition in series B is somewhat different, for here, if 
absorption were to continue at the rate noted during the 
1-hour period, over 1000 mg. of glucose would have had to be 
fed in place of the 743 mg. given. In spite of this fact, and 
with 189 mg. glucose remaining after 2 hours of absorption, 
the coefficient had dropped to 143. Certainly, there was 
sufficient glucose remaining to have made this value higher, 
as is true also for the third hour, if absorption were inde¬ 
pendent of amount present. The data in series C indicate 
that absorption of glucose after 48 hours’ fasting is more 
uniform from animal to animal than after 24 hours’ fasting. 

Our calculation of glucose absorption as set forth in the 
first paper (Pierce et al., ’29) has also been criticized by Cori 
and his associates (’29) and data presented in their table 1 
show our calculations as not agreeing with their results. 
According to one of Cori’s (’25) earlier conclusions, 50 per 
cent glucose is absorbed from the intestine at a constant rate. 
If this were true, it could be assumed that the data presented 
in the paper by Cori et al. (’29) for the different periods 
were interchangeable. Using data in their table 1, suppose 
we place the figures given under the column headed ‘0-2 hours’ 
under the column headed ‘0-1 hour’ and calculate the results 
on the basis of 1 hour of absorption instead of 2. Similarly, 
transpose the figures under the heading ‘0-3 hours’ to column 
headed ‘0-2 hours’ and calculate results on the basis of 2 
hours’ absorption instead of 3, and, finally, place the figures 
under the column headed ‘0-1 hour’ under that headed by 
‘0-3 hours’ and recalculate on the basis of 3 hours. The aver¬ 
ages given in table 1 of Cori et al. (’29) are presented in our 
table 3, as are the results obtained on transposing and re¬ 
calculating the data in the manner just described. It can be 
seen that the results predicted by us are not far from those 
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obtained by interchanging Cori’s data, and the variation is 
not exceptional for such experiments, as may be seen from 
the coefficients of variability given in table 2. 

Upon examining our data under series A, table 2, and 
calculating results on the basis of a constant percentage rate, 
we find an absorption of 29.1 per cent (365 mg.) of glucose 


TABLE 3 

Showing relation of Con's results as obtained on transposing data as described 

in text 
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Data presented by Cori et al. 
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1929, table 1 

203 

203 

21.7 

469 

235 

50.5 

660 

220 

70.9 

Expected according to Pierce 1 




363 

182 

38.6 

489 

163 

51.9 

Transposing and recalculating 










as described in text 

235 

235 

25.2 

440 

220 

46.3 

609 

203 

64.6 

Expected according to Pierce 




415 

208 

43.7 

548 

183 

58.1 


1 Calculation: Quoting from Cori et al (*29). Four rats each killed 1, 2 and 
3 hours after glucose feeding. The average amounts fed per 100-gm. rat were 
943 mg. for the 1-hour, 931 mg. for the 2-hour and 951 mg. for the 3-hour absorp¬ 
tion period. The average body weight of the three groups of rats was 140.5, 
142.6 and 138.2 gm., respectively. Since 21.7 per cent of 943 is absorbed in the 
first hour, 740 mg. of sugar are left in the intestine after 1 hour; 21.7 per cent 
of 740 is supposed to be absorbed in tho second hour, leaving 578 mg. for the 
third hour, and so on. 


during the first hour, which leaves 70.9 per cent (903 mg.) 
remaining in the alimentary tract. If 29.1 per cent of the 
remaining 70.9 per cent were absorbed during the second 
hour, 20.6 per cent (262 mg.) would be taken up, making the 
total 49.7 per cent (631 mg.) as against the value of 59.3 per 
cent (690 mg.) which was found. Finally, if 29.1 per cent of 
the remaining 50.3 per cent (637 mg.) were absorbed during 
the third hour, 14.6 per cent (185 mg.) would be taken up, 
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making the total absorption 64.3 per cent (815 mg.) in place 
of 74.9 per cent (859 mg.) which was found. These values 
are markedly different from those reported previously 
(Pierce, Osgood and Polansky, ’29) and do not support our 
former belief that the amount of glucose absorbed at all 
times is a uniform percentage function of the concentration 
of glucose remaining in the alimentary tract. This does not 
lead us to conclude, however, that glucose concentration is a 
negligible factor, as will be shown in the following paragraph. 

If we take the results in our present table 2, those of Pierce, 
Osgood and Polansky (’29) in their table 1, of Cori (’25) in 
his table 2, of Cori et al. (’29) in their table 1, and of MacKay 
and Bergman (’33) in their table 2, experiment 1-C, and plot 
the average amount of sugar available for absorption against 
the average sugar absorbed per 100 sq.cm, of body surface 
at 1, 2 and 3 hours, there is a definite slope to the curves 
showing a lowered absorption with decreasing amounts (fig. 
1). All data plotted, with the exception of the very few of 
Cori et al. (’29) show a lessened absorption with a falling 
concentration. The agreement in different series is perhaps 
as good as could be expected. It is likely that the emptying 
time of the stomach is affected by its degree of filling and the 
relative filling of the intestine in turn by this emptying time. 
Absorption must be affected by the amount of mucosal surface 
exposed to the sugar. 

2. Absorption of different sugars. In table 4 and figure 2 
are shown the summaries of results obtained with respect 
to the relative absorption rates of the three carbohydrates 
studied in series B. The rates of absorption have been con¬ 
sidered on the basis of absorption coefficients each of which 
represents the number of milligrams of sugar absorbed per 
100 gm. of rat per hour. The absorption did not take place 
at a constant rate for the three successive hourly periods for 
any of the sugars. In the case of dextrose, the absorption 
coefficient is decreased approximately 42 per cent during the 
second hour of the absorption period, while during the third 
hour it drops to almost one-half of its initial value. The 
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absorption rate of sucrose follows a somewhat similar course 
to that of dextrose, although it does not take place at as 
rapid a rate as does the simple hexose. In all 3 hours, al¬ 
though the marked decrease follows the general course evi¬ 
denced by the dextrose, all values in terms of body weight are 

MClUS. OB50RBED 
£00 PER 100 cm.* BODtf 
SuRrocc 



P*. PIERCE ’35 
n .(lACKAyBi 
CI * COR I Si 
CZ-CORI '21 


MiLLicRoms in Troct 

*100 800 1200 


Fig. 1 Showing the average amount of sugar available for absorption plotted 
against the average sugar absorbed per 100 sq.cm, of body surface at 1, 2 and 
3 hours. Pure Merck’s dextrose was used by Pierce et al. Feyder (series B, 
table 2) used pure dextrose from com. Other authors state only that ‘pure 
glucose’ was used. 

TABLE 4 


Summary of the rates of absorption of dextrose, sucrose and corn syrup from the 

gastro-intestinal trad 


HOURLY RATE IN TIME SHOWN 
AVERAGE ABSORPTION COEFFICIENTS (MG./100 GM. 
BODY WEIGHT) 



2KS£ 1 hour Number 2 honrl Number 8honr , 
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slightly below those of the simple sugar. The absorption of 
corn syrup from the gastro-intestinal tract is surprisingly 
high in comparison with the other sugars, considering that 
dextrins make up 56 per cent (table 1) and maltose 27 per 
cent of its weight on the dry basis. At the second hour it is 
actually slightly higher in relation to weight than either dex¬ 
trose or sucrose and at the third hour it is only a little be¬ 
hind sucrose (fig. 2). Digestion of the dextrins evidently 
proceeds at times quite as rapidly as that of sucrose. Its 
rate of absorption is decreased approximately only 26 per 



cent during the second hour as compared with 42 per cent 
for the solutions of dextrose and sucrose, but during the third 
hour the rate again falls to less than one-half of its initial 
value. There is no support in these comparative data for 
Cori’s idea of constant rates of absorption of different sugars. 

Glycogen studies 

The rate at which various sugars and carbohydrate com¬ 
plexes are converted into liver glycogen is a problem which 
has been investigated by a relatively small number of workers, 
most of whom have limited their investigations to a study 
of the simple hexoses and pentoses. It has been found, in 
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general, that the rapidity of liver glycogenesis from various 
carbohydrates varies considerably with the carbohydrate ad¬ 
ministered. Cori (’26) found that when glucose, fructose 
or galactose were fed to animals previously fasted for 48 
hours, and a group of animals killed each hour thereafter 
for the determination of liver glycogen, curves could be con¬ 
structed for each sugar to represent the rate of glycogen 
formation in the liver. The curve for glucose was S-shaped, 
since there was relatively slow deposition of glycogen during 
the first 2 hours, and a marked falling off after 4 hours with 
a rapid deposition intermediate. Cori claims that these varia¬ 
tions were not due to an unequal absorption of glucose from 
the intestinal tract of the animal, since absorption remained 
constant from hour to hour. The glycogen curve for fructose, 
Cori found to be similar to that of glucose, except that all 
values were slightly higher. During the absorption of 
galactose, he found that liver glycogen was formed one-third 
as rapidly as from glucose or fructose. On the basis of com¬ 
parisons in which the inequalities in absorption were duly 
considered, Cori (’31) has concluded that of the above three 
sugars fructose is by far the best producer of glycogen in 
the liver. 

EXPERIMENTAL 

From all the rats used for the absorption studies in series 
B (table 2) the livers were taken a moment after killing and 
plunged into hot 30 per cent KOH for determination of 
glycogen, according to the method of Good, Kramer and 
Somogyi (’33). A control series killed after fasting 24 hours 
and without feeding were treated in an identical manner in 
order to establish a basal level of glycogen in the livers. An 
additional series were fed a mixture of equivalent amounts 
of glucose and fructose for a purpose which will be explained 
presently. 

RESULTS 

Table 5 shows the liver glycogen formation of the series of 
control animals after a 24-hour fasting period and of the 
other series similarly fasted and 1 hour, 2 hours and 3 hours 
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after feeding. The glycogen content of the liver has been 
expressed on the basis of three units of reference, namely, 
body weight, surface area and liver weight. The average 
value of 1.78 mg. of liver glycogen per 100 gm. of body weight 
demonstrates the low basal level of liver glycogen after a 
fasting period of this length. Computed on the basis of sur¬ 
face area, this value is 1.15 mg. per 100 sq.cm, of surface area. 
The standard deviation computed on the basis of surface 
area is lower than that computed on the weight basis, but this 
is due to the fact that the values are also proportionately 
smaller. Surface area in all cases has been computed by 
means of Rubner’s modification of the Meeh formula (Diack, 
’30) which is: 

Surface area in cm’ = 9.13 X W 2,/s in grams 


TABLE 5 

Liver glycogen formation 


' 

BUG Alt FED 

NUMBER 

WEIGHT 

TOTAL IN TIME SHOWN 

DIFFERENCE BETWEEN CONTROLS (24-HOUR FAST) 

AND EXPERJMKNTALS 

EXPERI¬ 

MENTS 

(RANGE 

Per 100 
gm. body 
weight 

Standard 

deviation 

Coeffi¬ 

cient 

varia¬ 

bility 

Per 

100 cm.* 
surface 

Standard 

deviation 

Coeffi¬ 

cient 

varia¬ 

bility 

Per 

100 gm. 
liver 


24-hour fast 


None 

12 

pm. 

191-253 

mg. 

1.78 

mg. j 

0.72 

per cent 

40.5 

mg. 

1.15 

mg. 

0.45 

percent 

38.8 | 

I mg. 

60.9 



1-hour absorption period 





50 per cent dextrose 

" 8 ~ 

182-242 

17.9 

7.9 

44.5 

~To.9 

~ 4.9~~ 

45.0 

558.0 

47.5 per cent sucrose 

14 

158-257 

21.1 

5.7 

26.8 

13.8 

3.7 

26.6 

724.0 

Corn syrup 

11 

176-296 

9.8 

4.3 

43.6 

6.5 

2.9 

44.7 

352.0 


2-hour absorption period 


50 per cent dextrose 

9 

162-250 

40.1 

8.0 

20.0 

25.4 

5.0 

19.8 j 

1336.0 

47.5 per cent sucrose 

7 

195-278 

44.3 

8.4 

19.0 

29.5 

5.2 

17.5 

1542.0 

Corn syrup 

9 

170-293 

22.5 

7.4 

32.9 

14.7 

4.9 

33.4 

782.0 


3-hour absorption period 


50 per cent dextrose 

29 

162-300 

43.9 

13.3 

30.4 j 

28.0 

8.8 

31.5 

1557.0 

47.5 per cent Bucrose 

27 

137-384 

63.2 

20.0 

31.8 

45.8 

9.9 

21.6 

2222.0 

Corn syrup 

15 

228-300 

34.7 

8.8 

25.4 

24.7 

6.3 

25.4 

1140.0 

50 per cent dextrose 
and levulose 

19 

■ 

182-268 

65.8 

15.6 1 

23.8 

43.0 

9.6 

21.6 

2617.0 
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The coefficient of variability per unit of surface area in the 
control animals was about 2 per cent lower than on the basis 
of body weight, but this difference is probably insignificant 
due to the extremely narrow range of weights of the animals 
in the series, and consequently no deduction as to whether 
basal liver glycogen bears a closer relationship to body weight 
or surface area can be drawn from the data in this table. It 
is evident, however, that liver glycogen is reduced to a very 
low level which, although not very constant from a statistical 
standpoint (coefficient of variability being 39 per cent), is 
nevertheless adequate for work where animal variation is a 
factor and where a difference to be expected will be great 
enough to show the trend of the reaction. 

One hour after the administration of the three sugars 
studied, the data show no significant difference between the 
rates of glycogen formation from dextrose and sucrose (also 
fig. 2). The corn syrup, however, exhibits a rate of glycogen 
formation during the first hour which, on the average, is 
50 per cent lower than that of dextrose and sucrose. 

After 2 hours’ absorption there is still little significant 
difference between the rates of glycogen formation in the 
liver from dextrose and from sucrose, the average difference 
between the two being much less than the standard deviation. 
The difference between these two sugars and corn syrup, as 
manifested during the first hour of absorption, still holds 
during the second hour, and the relation to the other sugars 
remains about the same. 

After 3 hours of absorption there appears an appreciable 
difference in the rate of glycogenesis from dextrose and 
sucrose (table 5, fig. 3). The differences are clearly shown 
both on the basis of surface area and on the basis of body 
weight. Using average figures for comparison on the basis 
of weight, it may be stated that the rate of glycogenesis from 
sucrose after 3 hours of absorption is about 44 per cent 
greater than that of dextrose. Considering standard devia¬ 
tions, the difference is more significant on the basis of surface 
area, where the percentage increase is 60 per cent. The 
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glycogen content of the liver of those animals to which com 
syrup was administered after this interval is, on the average, 
approximately 20 per cent lower than that of dextrose and 
40 per cent lower than that of sucrose. 

Since sucrose had been demonstrated to form more liver 
glycogen than dextrose after a 3-hour interval, it was im¬ 
portant to determine whether the fructose part of the sucrose 
molecule had been responsible for the additional liver glycogen 
laid down by sucrose. In a separate series of animals a 50 
per cent sugar solution containing dextrose and fructose in the 



proportion in which they occur in the sucrose molecule was 
prepared and fed for a 3-hour absorption interval. The values 
obtained for liver glycogenesis after this period are quite 
similar to those obtained with sucrose. The rate of glycogen 
formation from this mixture of carbohydrates varies from 
that with sucrose by only a small fraction of the standard 
deviation. 

In the 1- and 2-hour experiments, the coefficients of varia¬ 
bility on the basis of surface area and body weight are almost 
identical as would be expected, since surface area has been 
calculated as a power function of the weight multiplied by 
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a constant. Also, from such a narrow range of weights of 
the animals used in these first two absorbing hours, a very 
narrow range of surface necessarily results (Murlin, ’21). 
The series of animals used in the experiments for the 3-hour 
absorption period exhibit a wider range of weight variations, 
however, than those in other groups, the range being from 
137 gm. to 384 gm., and for this reason the question of whether 
the glycogen content of the liver is more intimately related 
to body weight or to surface area can be briefly considered 
with respect to this group. The coefficients of variability on 
the two bases are approximately the same in the dextrose and 
corn syrup groups, but in the sucrose group the values are 32 
per cent on the basis of body weight and 22 per cent on the 
basis of surface area. From the difference in the coefficients 
of variability under these conditions, one might feel inclined 
to deduce a closer relationship between glycogen and surface 
area, but the general variation and scatter of the values are 
much too great to allow the formulation of such a law. Liver 
glycogenesis obviously is related to other causal factors than 
the requirement for total energy. 

DISCUSSION 

The rate of absorption of glucose from the alimentary 
tract of rats has been reinvestigated, large groups of animals 
being used. The rate of absorption was not constant over a 
period of 3 hours as claimed by Cori and his associates. 
Bather the rate decreased with time in conformance with our 
former experiments and the results of various other workers 
cited under a review of the literature. The absorption coeffi¬ 
cients obtained by different workers vary markedly for the 
1-, 2- and 3-hour periods. For example, the coefficients ob¬ 
tained by Cori (’25) are lower than those obtained by Cori 
et al. (’29). In general, the same may be said for the results 
obtained by Pierce, Osgood and Polansky (’29) as compared 
with those presented in this paper. Cori et al. (’29) do not 
state whether their rats had been fasted 24 or 48 hours, but 
if for the former, higher coefficients would be expected as, 
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according to Cori (’31), prolonged starvation decreases the 
rate of absorption. Series C of the present study does not 
confirm throughout the idea that 48 hours’ fasting causes a 
lessened absorption rate (compare 2- and 3-hour periods). 

With animals carefully selected with regard to age and 
weight, large variations were noted in the amounts of sugar 
absorbed and, therefore, in the absorption coefficients. One 
set of data may be presented to illustrate this. Three rats 
weighing approximately 140 gm. were fed 1100 mg. of glucose. 
The absorption coefficients were 294, 213 and 232. Again, 
three rats weighing 145, 146 and 142 gm., respectively, were 
fed 1495,1495 and 950 mg. of glucose. The absorption coeffi¬ 
cients were 228, 240 and 469. We reaffirm our former state¬ 
ment that with adult rats, there is no constant relationship 
between the body weight and absorption, even when the 
amounts fed are constant. Moreover, the larger amounts fed 
often produce less absorption than the smaller amounts, par¬ 
ticularly in the first hour (table 2). Coefficients of variation 
run as high as 47 per cent. They diminish with longer 
periods. 

Bates of absorption do not determine specifically the rates 
of liver glycogenesis. It has been seen, for example, that corn 
syrup, in spite of its complex nature, is digested and absorbed, 
at an average rate, equal to that of cane sugar (table 4). 
Indeed, at the second hour it exceeds both sucrose and dex¬ 
trose slightly (fig. 3). The rate of glycogenesis, however, 
following the administration of this mixture on a dextrose- 
equivalent basis with the other sugars, is consistently much 
less than that of sucrose and is farthest behind dextrose at 
the very point where its absorption overtakes that sugar. 
It approximates the rate of glycogenesis for dextrose at the 
third hour. It must be borne in mind that absorption rates 
and glycogenesis rates were determined on the same animals, 
the liver having been excised and dropped in hot caustic 
alkali, just preceding the ligation and removal of the ali¬ 
mentary tract. The values obtained indicate that the process 
depends more upon chemical configuration of the carbohydrate 
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involved, together with its effect upon the carbohydrate regu¬ 
lating mechanism of the organism itself, than on absolute 
absorption. The reverse relationship holds for sucrose, which 
having a slower absorption rate than dextrose at 2 and 3 
hours, nevertheless formed slightly more liver glycogen than 
did dextrose at 2 hours and 44 per cent more at 3 hours. 

Old experiments by Kiilz (1876) on rabbits by a method 
essentially the same as that which has become known in 
recent years as the Cori method, except that absorption was 
not determined, proved that fructose and sucrose are better 
producers of glycogen in the liver when fed in equivalent 
amounts than is glucose. His results were confirmed im¬ 
mediately by Frerichs (1876). The interval between feeding 
and death of the experimental animals is given as ‘4 to 5 
hours.’ The rabbits had been previously fasted for ‘6 full 
days.’ Lusk (1892) showed that the formation of glycogen 
from fructose injected subcutaneously into rabbits took place 
at a more rapid rate than that from glucose, thus indicating 
that the difference obtained in favor of this sugar in older 
experiments was not dependent upon absorption rate. Cori 
(’26) confirmed this in rats which had been fasted 48 hours 
by showing that, whereas absorption of d-glucose took place 
twice as rapidly as fructose, the formation of glycogen from 
the latter was more than twice that from the former. The 
present experiments advance our knowledge a step further 
in showing that, whereas the absorption of a simple hexose 
takes place more rapidly than that of a double sugar, the 
rate of glycogen formation from the latter is more rapid. 
This conclusion that glycogen formation does not depend upon 
absorption rate is further reinforced by the feeding of a mix¬ 
ture of fructose and glucose. There can be no doubt that the 
excellence of sucrose as glycogen former is explained by the 
fructose fraction. 

Glycogen values have also been computed throughout on 
the basis of liver weights, and, in general, these averages 
show the same tendencies as those computed on the basis of 
body weight and surface area. Less value in interpretation 
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can be attached to them, however, since the variation from 
animal to animal is much greater on this basis. It has also 
been found that the relationships between liver weight and 
body weight as well as those between total glycogen content 
and liver weight are exceedingly inconsistent. 

CONCLUSIONS 

1. The absorption of glucose from the gastro-intestinal 
tract of the rat does not take place at a constant rate, but 
falls during a 3-hour absorption period. The same state¬ 
ment, in general, holds true for sucrose and corn syrup. 

2. The total amount of glucose absorbed and the amount 
absorbed per 100 gm. body weight per hour varied within wide 
limits and with adult rats the variations were not dependent 
upon body weight. Degree of filling of the alimentary lumen 
is believed to play an important role. 

3. Although absorption per square centimeter of surface 
area varied markedly, the results indicate a slightly closer 
relationship between absorption and body surface than be¬ 
tween absorption and body weight. 

4. There seems to be some dependence of the percentage of 
glucose absorbed during 1-, 2- and 3-hour periods upon the 
amount of glucose remaining unabsorbed in the alimentary 
tract, although the results in different series are not uniform. 

5. The rate of glycogenesis in the liver from dextrose and 
sucrose is approximately the same during the first and second 
hours after administration of the sugars, but during the third 
hour the rate of glycogenesis from dextrose falls off and 
sucrose forms approximately 44 per cent more liver glycogen 
than does dextrose. This effect is due to the presence of 
fructose in the sucrose molecule. 

6. The rate of glycogen formation from corn syrup is lower 
than that of dextrose and sucrose, and proceeds at a fairly 
constant rate during the three hourly periods of absorption. 

It is our pleasure to thank Dr. John B. Murlin for the 
advice and guidance given us during the period of this 
investigation. 
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In the preceding paper (Feyder and Pierce, ’35) it was 
shown that of the two carbohydrates d-glucose (dextrose) and 
sucrose, the latter is by far the better producer of glycogen 
and that this superiority is due to the fructose part of the 
sucrose molecule. The condition for glycogen retention in 
the body is, in general, identical with the condition for fat 
formation; that is to say, a supply of energy producing 
nutrients in excess of energy needs. It has often been sur¬ 
mised, but never proved, that glycogen is an antecedent step 
in the formation of fat (especially v. Wendt, ’23; Hoffmann 
and Wertheimer, ’27; Schoenen, ’32). A little more light on 
this question would be obtained if we knew that, calorie for 
calorie, sucrose can produce fat more readily than glucose. 
Such a fact would indicate strongly, either, 1) that glycogen 
by reduction can be changed to fat, or, 2) that the keto 
hexose can be changed to fat more readily than the aldehyde 
hexose. In any case the outcome of such a comparison would 
have practical value. 

Rubner (cited by Lusk, ’28) found that starch, cane sugar 
and grape sugar are needed in the following equivalent 
amounts to replace 100 gm. fat in the metabolism of a fast¬ 
ing dog; starch 232 gm., cane sugar 234 gm., grape sugar 
256 gm. But in the production of fat in domestic animals, 
according to the observations of Kellner (’05), starch is 

J The writer wishes to express appreciation to the Corn Industries Besearch 
Foundation for the fellowship which supported this work* 
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superior to cane sugar in the proportion of 248 to 188 (i.e., 
grams fat from 1000 gm. carbohydrate). In other words, 
while cane sugar is equal to starch as direct fuel, in laying 
down a reserve of fuel (fat), it is only three-fourths as ef¬ 
fective. So far as we have been able to find from a very 
thorough search of the literature, neither sucrose nor fructose 
has been compared directly with glucose as a source of fat. 

v. Wendt (’23) argues that the keto sugar should not be 
so effective as the aldehyde, because only 3C atoms would 
be available for synthesis, whereas, according to the equation 
of Magnus-Levy, modified by Lusk (’15 and ’28) which pict¬ 
ures the transformation by way of methyl glyoxal, acetalde¬ 
hyde and aldol condensation, either 4 or 6 C atoms would be 
available, v. Wendt, however, apparently was not aware of 
the older evidence for the superiority of fructose as glycogen 
former. It is certain that sufficient evidence is not at hand 
on which to predict with certainty the transformation of either 
hexose to fat on the basis of stereochemistry. The direct 
evidence for the superiority of fructose as glycogen former 
in the rat, rabbit and dog is conclusive. It would seem that 
the paired-feeding method accompanied by analysis of the 
entire body (of rats) should establish the order of merit of 
the two sugars for fat formation. 

EXPERIMENTAL 

A group of eleven control animals taken from a colony of 
selected inbred Wistar stock a short interval after weaning 
was placed on Purina dog chow diet for a period of 7 days. At 
the end of this period food was withdrawn for 24 hours, the 
animals were killed and the bodies analyzed by a method 
which will be described later (p. 462). The animals to be 
paired and fed were selected at weaning from litter mates 
whose mothers had been on the same stock diet. Paired mates 
of the same sex and approximately the same weight (table 1) 
were placed in separate cages with raised wire bottoms. 
Special food cups so constructed as to minimize spilling and 
wastage were used and the weights and food consumption 
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were recorded daily. The amount of food placed in the cups 
of each pair of animals daily was determined by the smaller 
amount eaten by one of the pair on the preceding day. Total 
food consumption was thus kept nearly equal day by day and 
was completely equalized once a week (Mitchell and Beadles, 
’30). 

The diets fed to the two members of each pair differed only 
in the carbohydrate component, one of each pair receiving 
ordinary commercial sucrose and the other pure dextrose from 
corn. 2 The following represents the composition of the 
diets :* 

Carbohydrate (sucrose or dextrose) 68 

Casein (commercial) 18 

Yeast (dried, Fleischmann's brewer’s) 10 

Balt mixture (Osborne and Mendel) 4 

Cod liver oil, daily 3 drops 

100 

In the sucrose diet allowance was made for the fact that 95 
parts sucrose produce 100 parts invert sugar upon intestinal 
hydrolysis, so that actually only 0.95 gm. of sucrose was in¬ 
gested for each 1.0 gm. of dextrose. 

In order to eliminate any possible difference in the caloric 
value of the two diets, which might of itself be responsible 
for any difference in growth or fat formation in each pair, 
duplicate samples of each diet were dried to constant weight 
and burned in the adiabatic bomb calorimeter. The dextrose 
diet contained 3.773 and 3.788 Cal. and the sucrose diet 3.782 
and 3.779 Cal. per gram of dry food. 

After the experimental animals had been on these diets 
for a period of 15 to 29 weeks, seven of the nine pairs were 
successively fasted for a period of 24 hours and the entire 
bodies were analyzed (p. 466). 

During the course of the paired feeding on the sugar diets 
described above, certain symptoms appeared in various of the 
animals on or about the tenth week which resembled to some 

* Supplied by Corn Industries Research Foundation. 

1 Thanks are due Dr. R. G. Daggs for suggesting this diet. 
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extent those described by Burr and Burr (’20) as evidence 
of the fat deficiency disease. The most important symptom 
seen was a marked scaling of the distal 3 to 4 cm. of the tail 
which in no case progressed to hemorrhage or necrosis, as is 
characteristic of the extreme fat deficiency. In some cases 
there appeared a temporary eczema on the hind feet without 
redness or swelling. There was no tendency to lose hair or 
for sores to appear on the skin. There was no evidence of 
hematuria or albuminuria. In pairs 1 to 4 (table 1) the scaly 
tail condition developed in all eight animals at the end of 
the tenth week, and was approximately identical both in 
severity and extent in the dextrose and sucrose rats. The 
condition improved spontaneously in pairs 1, 2 and 3, but 
never completely disappeared. The tail condition was most 
marked in the two members of pair 4, and was followed in 
about 4 weeks by a plateau in the growth curves of both ani¬ 
mals. An extra supplement of 6 drops of cod liver oil daily 
fed to this pair equally was followed by rapid improvement 
of the tail condition and a resumption of growth, the sucrose 
animal responding slightly more rapidly. 

In the second group of pairs carried simultaneously (viz., 
pairs 6,7,8,9 and 10) the scaly tail condition occurred in only 
two-thirds of the entire group. The scaliness was of less 
severity than that which occurred in the first four pairs and 
involved only the distal 2 to 3 cm. of the tail. It appeared 
at the end of the seventh week in the sucrose animals and 
during the tenth week in the glucose animals. There was no 
interference with growth and the condition improved spon¬ 
taneously in all animals affected, but never completely dis¬ 
appeared. 

The diets fed contained no fat in the form of lard or butter, 
but no attempt had been made to produce a completely fat- 
free diet by extraction of the casein, yeast and cod liver oil 
as directed by Burr and Burr. 
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Results of paired feeding 

In table 1 are shown in summary the results of feeding 
nine pairs of rats on the diets containing 68 per cent of sucrose 
and dextrose. In the column headed ‘gain’ it is apparent that 
in every pair the sucrose animal gained weight much faster 
than the dextrose rat in spite of the equality of food intake in 
grams and in calories. If the outcome was able to occur with 
equal probability in either of the two ways, that is, either the 
dextrose or sucrose rat might show the greater gain, then in 
a random selection of nine trials the frequency of its occur¬ 
rence in one way would be given by the expansion of the 
binomial distribution (1/2 + 1/2) 9 (Fisher, ’28). This means 
that its occurrence nine times in either way would result 
from chance, i.e., from equal effect of the two sugars, only 
once in 512 trials. 

In the final column of table 1 are given the number of weeks 
each rat surpassed its mate. When weekly gains were equal, 
each rat was credited with 0.5 of a week. Of the 180 weekly 
comparisons 110.5 favored the sucrose rat and 69.5 favored 
the dextrose rat. The ideal outcome, if the sucrose did not 
affect the gain in weight more than the dextrose, would be 
90 weeks favoring each sugar. The deviation from this in 
favor of sucrose is (110.5-90=) 20.5. The probability of this 
occurrence as a mere matter of chance is found by comparing 
the figure 20.5 with the standard deviation of the frequency 
of distribution of 180 events each of which may result with 
equal probability. Fisher’s (’28) formula for this standard 
deviation is— 

V OXx - 0.5 X180 = 6.71 

The deviation of 20.5 from the expected outcome being 3.1 
times the standard deviation of a chance distribution, it is 
quite clear that the former is not a matter of chance. On 
both methods of calculation of the odds, therefore, sucrose is 
shown to have been responsible for the greater increase in 
weight. 
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TJie analyses 

It would not be proper to call this greater increase in weight 
‘better growth’ without knowing the composition of the in¬ 
crease. Analyses of the entire body therefore were made, 


TABLE 1 

Faired feeding experiment 


PAIR 

SUGAR FED 

SEX 

INITIAL 

WEIGHT 

FINAL 

WEIGHT 

GAIN 

TOTAL 

FOOD 

WEEKS 

FED 

NUMBER WEEKS 
IN WHIOH EACH 
BAT SURPASSED 
ITS MATE 

1 

Dextrose 

M 

pm. 

48 

pm. 

218 

pm. 

170 

pm. 

1853 

22 

10 


Sucrose 

M 

59 

254 

195 

1853 

22 

12 

2 

Dextrose 

M 

66 

267 

201 

2012 

22 

7.5 


Sucrose 

M 

62 

312 

250 

2008 

22 

14.5 

3 

Dextrose 

F 

53 

152 

99 

1990 

29 

11 


Sucrose 

F 

57 

185 

128 j 

1963 

29 

18 

4 

Dextrose 

F 

71 

212 

141 

1927 

29 

14 


Sucrose 

F 

66 

230 

164 

1825 

29 

15 

6 

Dextrose 

M 

53 

234 

181 

1186 

16 

8 


Sucrose 

M 

51 

248 

197 

1193 

16 

8 

7 

Dextrose 

M 

66 

240 

174 

1162 

16 

6.5 


Sucrose 

M 

63 

256 

193 

1162 

16 

9.5 

8 

Dextrose 

! M 

61 

231 

170 

1180 

16 

5.5 


Sucrose 

M 

58 

261 

203 

1180 

16 

10.5 

9 

Dextrose 

i F 

80 

172 

92 

998 

14 

3.5 


Sucrose 

F 

53 

210 

157 

978 

14 

10.5 

10 

Dextrose 

M 

84 

235 

151 

1235 

16 

3.5 


Sucrose 

M 

88 

291 

203 

1232 

16 

12.5 


1) of the control group of eleven animals selected from the 
same stock of weanlings as the paired rats, and 2) of all the 
pairs which survived in good health to the end of the feeding 
experiment, for protein (N), glycogen and fat. The method 
was as follows: The animals were killed by a blow on the 
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head, quickly cut into three portions, and dropped into a 
boiling solution of 30 per cent KOH. Solution of the tissues 
was complete in 15 minutes. The vessel contents were trans¬ 
ferred to a 500 cc. volumetric flask and made up to volume 
after cooling to room temperature. Aliquot portions were 
then pipetted out for determination of nitrogen by the macro- 
Kjeldahl method, for determination of glycogen by the method 
of Good, Kramer and Somogyi (’33) and for determination of 
fat by the saponification method suggested by Leathes and 
Raper (’25) and modified by Dr. R. G. Sinclair, 4 of the De¬ 
partment of Biochemistry and Pharmacology. Fifty cubic 
centimeters of the partially saponified solution are taken and 
after addition of 10 cc. of absolute alcohol heating is continued 
for 3 hours under a reflux condenser. The KOH then is 
neutralized with HC1, diluted with 95 per cent alcohol to 40 
per cent of the total volume and extracted with petroleum 
ether. After washing with water, separation in a separatory 
funnel and evaporation of the ether, the amount of fat is 
determined directly by weighing. 

The composition of the control animals is given in table 2. 
Nitrogen is seen to be the least variable constituent, the 
standard deviation being only 0.083 gm. per 100 gm. body 
weight and the coefficient of variation only 2.9 per cent. The 
glycogen as milligrams per 100 gm. body weight and fat as 
grams per 100 gm. are about equally variable, the coefficients 
being 19.2 and 20.1 per cent, respectively. The method obvi¬ 
ously is not suitable for a complete accounting of the body 
constituents. Preformed sugar, for example, probably is 
largely oxidized in the hot alkali, and ashing is out of the 
question. Carbohydrate in the diet, however, in so far as it 
had not been oxidized, might be expected to influence in a 
cumulative way only the three classes of organic constituents 
given. The protein retention and, therefore, protoplasmic 
growth might be affected by the sparing effect. Glycogen 
would be the resultant of two principal factors, aside from 

4 Thanks are due Doctor Sinclair for helpful suggestions regarding the use of 
this method. 
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molecular configuration, viz., food intake and activity, but 
being to so large an extent a form of temporary storage the 
amount reported would be most affected by recent activity, 
i.e., since the last time of eating. Fat would most nearly 
represent the difference between energy supply and consump¬ 
tion over a long period of time, but if one form of carbo¬ 
hydrate were more readily converted to fat, or if a more 
suitable residue were left after the energy requirements were 
met from one of the hexoses than from the other, the differ- 

TABLE 2 


Body composition of control animals at beginning of diet period 


BAT 

NO. 

SEX 

WEIGHT 

AFTER 

24-HOUR 

FAST 

TOTAL 

N 

GRAMS N 
PER 100 
GM. BODY 
WEIGHT 

TOTAL 

GLYCOGEN 

MILLIGRAMS 
GLYCOGEN 
PER 100 GM. 
BODY 
WEIGHT 

TOTAL 

FAT 

GRAMS FAT 
PER 100 
GM. BODY 
WEIGHT 



gm. 

gm. 


mg* 


gm. 


1 

F 

63 



64.6 

102.6 

3.35 

5.32 

2 

M 

75 

2.11 

2.82 

81.0 

107.9 

2.61 

3.48 

3 

F 

69 

1.92 

to 

QO 

81.0 

117.6 

2.57 

3.72 

4 

M 

107 

2.80 

2.62 

145.8 

136.0 

4.06 

3.79 

5 

M 

104 

2.81 

2.71 

84.7 

82.5 

5.05 

4.86 

6 

M 

72 

2.02 

2.80 

100.1 

140.4 

2.18 

3.03 

7 

M 

76 

2.23 

2.94 

69.9 

92.0 

3.01 

3.95 

8 

M 

74 

2.08 

2.81 

100.1 

136.4 

2.54 

3.42 

9 

M 

! 68 

1.93 

2.84 

88.6 

130.2 

1.99 

2.93 

10 

M 

! 68 

1.93 

2.84 

87.9 

129.2 

2.23 

3.28 

11 

M 

71 

2.06 

to 

o 

o 

97.5 

137.2 

2.29 

3.23 

Average 

Standard deviation 

Coefficient variability 

2.81 

0.083 

2.9% 


110.1 

21.2 

19.2% 


3.73 

0.75 

20.1% 


ence might be expected to show in the comparison of controls 
with the survivors. 

From this point of view it is disappointing that the varia¬ 
tion in percentage of fat contained in the controls was so 
large. Probably a preliminary period of equalized food in¬ 
take, say, of a couple of weeks after weaning, instead of a 
period of ad libitum feeding, would have improved this 
result. 

Of the nine pairs of rats fed equal quantities for as long as 
14 weeks (table 1), pair 4 developed serious signs of fat 
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deficiency, as explained on page 459, and one member of pair 9 
died of pneumonia at 14 weeks. The remaining seven pairs 
were analyzed (table 3). Again it is seen that the protein 
(N per 100 gm. body weight) is the least variable constituent, 
and in the dextrose and sucrose rats averages almost exactly 
the same. The agreement in standard deviations and coeffi¬ 
cients of variation is very satisfactory. There is only a slight 
increase in percentage of nitrogen over the young controls. 
The average difference in glycogen content is 4.6 mg. per 
100 gm. body weight in favor of the dextrose animal. This is 
too small in comparison with the standard deviations to be 
significant. The average difference in fat content is 4.0 gm. 
per 100 gm. body weight, in favor of the sucrose group. 
Standard deviations and coefficients of variation on so small 
a number of animals are not reliably representative and 
therefore are not of special interest except to indicate whether 
the series analyzed at the end was approximately as con¬ 
cordant as the series of controls analyzed at the beginning. 
The sucrose animals were nearly as concordant, but the dex¬ 
trose animals were not. The increase in percentage of fat 
over the-control is note worthy—3.7 per cent to 13.3 and 17.3 
per cent for the two groups. 

On the basis of total fat content, the sucrose animal in 
every pair exceeded the dextrose animal by from 4 gm. (no. 8) 
to 31 gm. (no. 2). Without reference to the amount of dif¬ 
ference, this result in the entire seven trials could have been 
obtained as a matter of chance only once in 128 trials. On 
the percentage basis, only six of the seven pairs showed a 
greater amount of fat for the sucrose animal, but even this 
result could occur as a matter of chance only once in sixty- 
eight times, since so far as known every other food factor 
was equalized. It, therefore, is quite clear that the greater 
percentage of fat produced in the sucrose rats as well as the 
greater gain in weight was caused by some peculiarity of the 
sucrose molecule. It is equally clear that of the organic con¬ 
stituents determined only fat was thus favored. On the basis 
of the superiority of fructose as glycogen former, it is prob- 



TABLE 3 

Body composition of rats at end of diet period 
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able that the greater production of fat was due to this part 
of the sucrose molecule, and we have one more link in the 
chain of evidence that glycogen formation and fat formation 
are intimately related. 

The greater fattening effect of sucrose cannot be the result 
of a lesser specific dynamic effect, for the investigations of 
Lusk (’15), Burger (’21) and Wierzuchowski (’31) prove that 
fructose has a greater effect on heat production than glucose. 
Furthermore, Carpenter and Fox (’30) have shown that the 
higher R.Q.’s following ingestion of fructose than glucose 
very probably are due to more rapid transformation into fat, 
and Carpenter and Lee (’33) have proved that no reduction 
of alveolar C0 2 is involved, even though more lactic acid may 
be produced (see Wierzuchowski for lactic acid production 
after intravenous injection). Finally, there was no sign of 
greater activity in the dextrose group, although this was not 
measured. 

SUMMARY 

1. Bv the paired feeding method, as improved by Mitchell 
and Beadles, rats were placed on diets identical in all respects, 
except that one member of each pair received dextrose and 
the other sucrose, as the chief source of energy. Bomb calori¬ 
metric determinations proved that the two diets were equal in 
heat value. 

2. Without exception (nine pairs), the sucrose animal 
gained weight more rapidly than the dextrose animal. This 
result could not have happened by chance oftener than once 
in 512 trials. On the basis of the number of weeks each rat 
surpassed its pair mate the total result was 110.5 for the 
sucrose rat against 69.5 for the dextrose rat, the deviation 
from a chance frequency distribution being 3.1 times the 
standard deviation of such a distribution of 180 events. 

3. Control young animals and seven pairs of the survivors 
after 16 to 29 weeks of feeding were analyzed for nitrogen 
(protein), glycogen and total fat. The results were not quite 
so concordant in the mature animals as in the controls, but 
showed clearly that the difference in the weight gains was 
due principally to fat. 
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4. It is concluded, therefore, that Bucrose has a consider¬ 
ably greater fattening effect in the rat than dextrose. 

The writer wishes to express his appreciation to Dr. John 
R. Murlin for his advice and assistance throughout this 
investigation. 
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THU EFFECTS OF A DEFICIENCY OF IODINE AND 
VITAMIN A ON THE THYROID (IRANI) 

OF THE ALBINO RAT 1 


]IKLi:\ M. ('OI’I.AN 1 AX1 > MYKA M. SAMl'SON 
Departnunt of South ('oUepv, Northampton , 'Mass, 

TV 0 PLATES (MNK J’KH'Rl's) 

( Roeoivod for }»ul>Iir;ition August -L\ 11W4 ) 

INTRODrCTlON 

Tills investigation, dealing with the of dietary fac¬ 

tors on (lie thyroid "land of the albino rat, was undertaken 
because recent direct experimental evidence challenges the 
generally accepted theory that endemic goiter is due to lack 
of iodine. Tlx* deficiency of iodine has been stated by Marine 
('()!•), Hayden, Wenncr and Rucker (’22), Tanabe (’2,*)) and 
Drennan, Malcolm and Cox ( Ml) to cause: 1) a definite hyper¬ 
trophy of tin* thyroid: by Knappenburg (T!>), Hellwig (’.'ll), 
Jackson and D’An (’.‘!2), 2) no hypertrophy; bv Wegelin 
(’2!)) and Hellwig (Ml). .">) atrophy; and by Marine ('()!*) 
and Thompson (Mil), 4) hypertrophy followed by atrophy. 
Dietary defects other than iodine deficiency have also been 
stated to cause hypertrophy of the thyroid. MeCarrison (Ml) 
has attributed hypertrophy to vitamin A deficiency, and 
Hellwig (’ill) has attributed it to an excess of calcium. On 
the other hand, Drennan, Malcolm and Cox (Ml) obtained 
no hypertrophy in rats fed diets deficient in vitamin A or 1), 
and Sampson and Korenchevsky (M2) obtained similar nega¬ 
tive results in male rats fed on a diet deficient in vitamin A 
only. It has also been staled that iodine deficiency accom- 

1 (Wtrihution from tin* of Zoning, Smith ('ollo^c, Do. 1SJ. 

2 Trustor follow. 

4l>!) 
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panied by some other dietary defect causes pronounced hyper¬ 
trophy of Ihe thyroid gland of rats. Sampson and Korenchev- 
skv (’.‘52) obtained such hypertrophy with diets deficient in 
vitamin A and iodine; Fischer (’.'5.'?) with diets deficient in 
vitamin 15 and iodine; and Tanabe (’23), Krause and Monroe 
(’.‘50), Hollwig (’31), Thompson (’.‘52 and ’:i.‘5), and Levine, 
Komington and Von Kolnitz (’.‘>.‘5) with iodine deficient diets 
containing an excess of calcium. 

Analysis of the procedure employed in the above investi¬ 
gations reveals that conflicting results may have been due to 
differences in one or more of the following factors: a) Ihe 
composition of the diets which, in all except those used by 
Jackson and P’An and Sampson and Korenchevsky, were 
mixed diets of which the exact composition was unknown; 
b) the strain of the rats which were either Norwegian or 
albino; c) the initial age, as a difference in susceptibility of 
the thyroid gland of man to iodine deficiency at different ages 
is known to exist according to Marine (’0!)); d) the dura¬ 
tion of the 1 experiment, as Marine (’0!)) and Thompson (’.‘i.‘!) 
have pointed out that an initial hypertrophy may be followed 
by atrophy of the thyroid; e) the sex of the rats, as it is com¬ 
monly known that there is a higher incidence of goiter among 
women than among men in regions where goiter is endemic. 

MATHKIAL AND MKTIIOPS 

Every attempt was made in tin* present investigation to 
eliminate all factors other than those under consideration. 
To ensure this the following precautions were taken: litters 
of albino rats wen* obtained from the same colony; all ani¬ 
mals were subjected to uniform dietary procedure previous 
to the period of experimentation; effects of deficiencies wore 
studied on both sexes; litter mates of the same sex and ap¬ 
proximately the same weight were selected as controls for 
experimental animals; highly purified diets were used, ade¬ 
quate in all respects, or deficient only in the factor or factors 
under investigation; distilled drinking water was supplied; 
and experiments were run for varying lengths of time, rang¬ 
ing from 2 weeks to 4 months. 
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Litters of rats, obtained from the Department of Physio¬ 
logical Chemistry of Yale University, were so prepared dur¬ 
ing the period of lactation as to limit and render more uni¬ 
form their reserves of vitamin A. This was done because 
some of the rats were to be fed a vitamin A free diet, and 
it was desirable to use the same preliminary dietary procedure 
with all animals. The resultant low reserves could be ex¬ 
hausted, in rats placed on vitamin A deficient diets, within a 
few weeks of weaning. 

The age of the animals at the beginning of the experiment 
ranged from 22 to 28 days, with the exception of one litter 
which was 33 days old. The rats in each litter were weighed; 
those of comparable sex and weight were paired as control 
and experimental animals; and each one was placed in a 
separate cage. Seventy-seven individuals, including males 
and females constituting thirteen litters, were divided into 
the following groups designated according to their diets: 
adequate diet (C), iodine deficient diet (—I), 8 vitamin A 
deficient (—A), and doubly deficient (—A—I). Food and 
water were supplied ad libitum. The composition of the diets 
is indicated in table l. 4 

Careful observations of the animals were made daily 
throughout the experiments, body weights and food consump¬ 
tion were recorded twice a week, indications of vitamin A 
deficiency were noted, and daily weights of the rats recorded 
when signs of deficiency first appeared. The animals on the 

•The iodine * deficient 9 diet contained 16 to 17 gamma per kilogram or 16 to 17 
parts per billion of iodine, according to analyses made in duplicate by Prof. 
Boe E. Kemington. The expense of the analysis was defrayed by a special grant 
from Smith College. 

•The casein used in the control diet was obtained from the Casein Company 
of America, that in the experimental diets from the Harris Laboratories; the 
salt mixture was made according to the Osborne and Mendel formula (’13), 
the iodine being omitted from the iodine-free salt mixture; the irradiated yeast 
was obtained from the Standard Brands Company; the carotene, generously 
provided by the companies concerned, was fed in the form of S.M.A. * caritol ’ 
to the first two litters, as a solution of Mead Johnson crystalline carotene in 
maize oil to the remaining litters. Both solutions of carotene were effective in 
supplying adequate amounts of vitamin A. The Harris casein and the crystalline 
carotene were used because of their greater purity and possible freedom from 
iodine. 

THU JOURNAL OF NUTRITION, VOL. 9, NO. 4 
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iodine deficient diet, with their paired controls, were killed 
at intervals of 2 to 16 weeks. Animals on the vitamin A de¬ 
ficient and doubly deficient diets were killed when a loss in 
body weight or signs of xerophthalmia appeared, except those 
of litters VII, XI, XII and XIII. In these the rats were killed 
at a set time in order to observe the effects of the deficiencies 
over definite periods. Indications of vitamin A deficiency ap¬ 
peared at different times in different litters, ranging from 
3 to 5 weeks, except in one litter in which no external sign of 


TABLE 1 

The composition of diets 


(0) 

(—1) 


ffm. 


ffm. 

Vitamin A free casein 

180 

Vitamin A free casein 

180 

Starch (corn) 

530 

Starch (corn) 

530 

‘ Crisco 9 

240 

i Crisco 9 

240 

Complete salt mixture 

50 

Iodine-free salt mixture 

50 

Yeast, irradiated 

180 

Yeast, irradiated 

180 

Carotene (2 drops of 0.3 per cent daily) 

Carotene (2 drops of 0.3 per cent daily) 

(—A) 

(— A — I ) 


ffm. 


ffm. 

Vitamin A free casein 

180 

Vitamin A free casein 

180 

Starch (corn) 

530 

Starch (corn) 

530 

* Crisco 9 

240 

i Crisco 9 

240 

Complete salt mixture 

50 

Iodine-free salt mixture 

50 

Yeast, irradiated 

180 

Yeast, irradiated 

180 


deficiency had appeared at the end of 2 months when the 
animals were killed. Professor Anderson, from whom the 
rats were obtained, reported similar irregularity in the ex¬ 
haustion of vitamin A reserves with other litters prepared 
in the same manner as those used by us. 

The animals were killed by illuminating gas. At autopsy 
the body weight was recorded, the amount of body fat noted 
but not weighed, the condition of the lungs and the vascularity 
of the thyroid, as indicated by color, noted carefully. All 
endocrine and male reproductive organs were weighed after 
remaining in Allen’s modification of Bouin’s fixative for 24 
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hours, according to the technic proposed by Korenchevsky 
(’30). The fixed material was subsequently used for histo¬ 
logical study. Sections of the thyroid glands, 7 m in thick¬ 
ness, were stained with hematoxylin and eosin, by Bensley’s 
method (’16), and with Mallory’s triple stain. Excellent re¬ 
sults were obtained with the latter, after first treating the 
sections with solutions of mercuric chloride, iodine and sodium 
thiosulphate, as recommended by Carleton (’26). These triple 
stained sections, especially, were used for most of the histo¬ 
logical study, and the other sections compared with them. 

RESULTS 

1. General conditions 

The final body weights of the animals on the control diet, 
although greater than normal according to Donaldson’s figures 
(’24) were, with one exception, below the average and in some 
instances below the minimum for rats of the same age from 
the Yale colony (Smith and Bing, ’28). A comparison of final 
body weights demonstrates that consistent differences existed 
only between controls and those rats on vitamin A deficient 
diets in which obvious symptoms of the deficiency occurred. 
In the latter, loss of appetite was accompanied by fall in 
weight, xerophthalmia, and in a few instances by the loss of 
muscular coordination described by Aberle (’34). Additional 
evidence of vitamin A deficiency, noted at autopsy, was deple¬ 
tion of fat and in males degeneration of the reproductive 
organs. In one control, no. 41, which failed to consume the 
food provided, loss of weight ensued and evidence of malnutri¬ 
tion was noted at autopsy. In none of the rats was there any 
indication of respiratory or other infection. No consistent 
differences in vascularity of the thyroid gland, as indicated 
by color, were found in the animals on the deficient diets as 
compared with their litter mate controls. 

2. Correlation of thyroid weight with body weight 

The actual thyroid weight, in the majority of individuals on 
all diets, varied directly with the body weight, as is indicated 
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TABLE 2 

Protocol of male rate 


DIET 

' 

LITTER 

NUMBER 

BAT 

NUMBER 

l 

INITIAL 

AGE 

TIME 

ON 

DIET 

INITIAL 

BODY 

WEIGHT 

FINAL 

BODY 

WEIGHT 

THYROID 

WEIGHT 

THYROID WEIGHT 
PER 100 GM. 
BODY WEIGHT 




days 

days 

gm. 

pm. 

mg. 

mg. 


VII 

43 

25 

14 

52 

70 

8.8 

12.5 


VIII 

54 

27 

14 

41 

76 

11.4 

15.0 


III 

17 

23 

21 

42 

92 

12.4 

13.5 


VI 

41 

23 

61 

46 

97 

15.4 

15.8 


VIII 

75 

23 

20 

48 

105 

15.6 

14.8 

(C) 

II 

11 

22 

37 

36 

108 | 

14.6 

13.5 


IV 

23 

23 

24 

46 

108 i 

19.8 

18.3 


X 

62 

34 

14 

92 

123 1 

15.4 

12.5 


XI 

69 

25 

28 

42 

127 

24.6 

19.3 


ix ! 

56 

28 

24 

60 j 

140 

22.2 

15.8 


VI j 

39 

23 

92 

42 

152 

18.8 

12.3 


V 

28 

23 

59 

52 

224 

36.4 

16.2 


XIII 

77 

23 

20 

46 

67 

12.0 

17.9 


III 

16 

23 

21 

40 

75 

11.2 

14.9 


VIII 

55 

27 

14 

44 

79 

14.2 

17.9 


XIII 

76 

23 

20 

33 

87 

11.8 

13.5 


X 

63 

34 

14 

86 

110 

16.0 

14.5 


XI 

67 

25 

28 

36 

115 

19.6 

17.0 

(-D 

IV 

24 

23 

24 

42 

120 

13.4 

11.1 


XI 

68 

25 

28 

38 

124 

17.8 

14.3 


XI 

66 

25 

28 

30 

127 

18.0 

14.1 


II 

9 

22 

37 

38 

128 

13.2 

10.3 


VI 

37 

23 

61 

41 

138 

16.8 

12.1 


VI 

35 

23 

92 

42 

188 

19.4 

10.3 


V 

29 

23 

59 

52 

219 

28.6 

13.0 


V 

32 

23 

59 

48 

220 

33.6 

15.3 


III 

15 

23 

21 

44 

42 

5.6 

13.3 


IV 

22 

23 

24 ; 

42 

64 

10.8 

16.8 


VII 

45 

25 

14 

44 

80 

12.0 

15.0 

(-A) 

VII 

48 

25 

14 

52 

82 

10.0 

12.2 


VII 

47 

25 

14 

52 

84 

8.6 

10.2 


II 

13 

22 

37 

38 

103 

13.0 

12.6 


II 

12 

22 

37 

42 

130 

14.4 

11.0 


V 

30 

23 

59 : 

51 

174 

18.6 

10.6 


III 

14 

23 

21 

44 

70 

10.8 

15.4 


IV 

21 

23 

24 

46 

72 

13.4 

18.6 

(-1) 

(-A) 

IX 

57 

28 

24 

67 

84 

14.0 

16.6 

IX 

59 

28 

24 

62 

95 

16.2 

17.0 

| IX 

58 

28 

24 

66 

117 

14.0 

11.9 


II 

10 

22 

37 

38 

! 122 

15.8 

12.9 


V 

31 

23 

59 

48 

148 

16.4 

11.1 
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in the protocols of the males and females as given in tables 2 
and 3. Such a correlation has been shown to exist in rats by 
Donaldson (’24) and in rats and guinea pigs by Friedman and 
Loeb (’34). 

TABLE 3 


Protocol of female rats 


DUCT 

LITTER 

NUMBER 

RAT 

NUMBER 

INITIAL 

AGE 

TIME 

ON 

DIET 

INITIAL 

BODY 

WEIGHT 

FINAL 

BODY 

WEIGHT 

! 

THYROID 

WEIGHT 

THYROID WEIGHT 
PER 100 GM. 
BODY WEIGHT 




days 

days 

gm. 

gm. 

mg. 

mg. 


VI 

40 

23 

47 

42 

63 

9.4 

14.9 


XII 

74 

26 

21 

27 

75 

10.0 

13.3 


XI 

72 

25 

14 

40 

80 

8.8 

11.0 


VIII 

50 

27 

21 

42 

88 

12.6 

14.3 


IX 

60 

28 

14 

57 

104 

12.8 

12.3 

(C) 

I 

5 

28 

28 

55 

108 

12.2 

11.3 


X 

64 

34 

14 

90 

118 

15.2 

12.8 


IV 

27 

23 

92 

34 

120 

18.4 

15.3 


V 

33 

23 

61 

46 

154 

23.8 

15.4 


III 

18 

23 

119 

44 

155 

23.0 

14.8 


VII 

42 

25 

37 

50 

162 

19.4 

11.9 


VI 

38 

23 

47 

34 

66 

10.6 

16.0 


VIII 

51 

27 

21 

40 

73 

13.8 

18.9 


VI 

36 

23 

47 

42 

84 

12.2 

14.5 


IV 

25 

23 

92 

42 

88 

14.4 

16.3 

(~i) 

IX 

61 

28 

14 

57 

94 

15.4 

16.3 


I 

1 

28 

28 i 

66 

134 

17.2 

12.8 


iv i 

26 

23 

92 

42 

140 

18.6 

13.2 


X 

65 

34 

14 

90 

146 

19.4 

| 13.3 


III 

20 

23 

119 

44 

152 

! 20.2 

13.2 


III 

19 

23 

119 

46 

164 

22.8 

13.9 


XI 

70 

25 

14 

36 

46 

7.2 

15.6 


VIII 

52 

27 

21 

39 

53 

7.6 

14.3 


XII 

73 

26 

21 

40 

53 

9.8 

18.5 


XI 

71 

25 

14 

40 

60 

9.0 

15.0 

(-A) 

VII 

46 

25 

37 

50 

68 

9.6 

14.1 


I 

7 

28 

28 

58 

72 

11.0 

15.2 


VII 

49 

25 

37 

51 

76 

13.6 

17.9 


VII 

44 

25 

37 

44 

116 

17.0 

14.6 


I 

8 

28 

28 

68 

122 

18.4 

15.0 


vni 

53 

27 

21 

37 

49 

7.2 

14.7 

(—1) 

( _A \ 

i 

4 

28 

28 

67 

104 

13 4 ) 

12.5 

\— A ) 

i 

3 

28 

28 

74 

111 

18.6 

16.7 
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3. Comparative weights of thyroid glands per 100 gm. of body 

weight 

Table 4 includes the weights referred to below. 

(—■/) Diet. In male rats, an iodine deficient diet for from 14 
to 21 days produced hypertrophy of the thyroid gland as com¬ 
pared with the glands of litter mate controls. This diet over 
a period of 25 to 92 days caused slight atrophy. In females 
hypertrophy was more pronounced than in males and per¬ 
sisted up to the forty-seventh day on the deficient diet. 
Atrophy occurred in females fed the deficient diet for periods 
of 47 to 119 days. 

(— A) Diet. In male rats on the vitamin A deficient diet 
the thyroid glands were, with one exception, consistently 
smaller than in their litter mate controls, the contrast being 
most pronounced at the end of the experimental period of 
59 days. In females, on the contrary, the thyroid glands were 
enlarged in the rats on the vitamin A deficient diet for periods 
of 14 to 37 days as compared with those on the control diet. 
The onset of symptoms of vitamin A deficiency prevented the 
continuance of females on this diet for longer periods, which 
might have resulted in atrophy of the thyroid. 

(— A — I) Diet. In males, on a diet deficient in both vitamin 
A and in iodine, the weights of the thyroids were, with one 
exception, slightly greater than in their litter mate controls 
at the end of 24 days. In male rats fed the doubly deficient 
diet for 37 days, there was slight atrophy, and in those on the 
diet for 59 days more pronounced atrophy. In the females 
on the deficient diet for 21 to 28 days there was slight hyper¬ 
trophy. Onset of the symptoms of vitamin A deficiency pre¬ 
cluded the investigation of effects of more prolonged feeding 
with the doubly deficient diet. 

4. Effects of the diets on the histological structure of the 

thyroid 

( C) Diet. The histology of the thyroid of the rats on the 
control diet, that is, of the normal gland, is characterized by 
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TABLE 4 


Differences in weight of the thyroid glands per 100 gm . of "body weight 



MALES 

FEMALES 

DIETS 

Litter 

number 

Control 

S rat 
| number 

Experi¬ 
ment rat 
number 

Time 

on 

diet 

Difference 
in thyroid 
weight 

Litter 

number 

Control 

rat 

number 

Experi¬ 
ment rat 
number 

Time 

on 

diet 

Difference 
in thyroid 
weight 





days 

mg. 




day* 

my. 


VIII 

54 

55 

14 

+ 2.9 

IX 

60 

61 

14 

4-4.0 


X 

62 

63 

14 

+ 2.0 

X 

64 

65 

14 

4-0.5 


XIII 

75 

76 

20 

— 1.3 









77 

20 

+ 3.1 







III 

17 

16 

21 

+1.4 

VIII 

50 

51 

21 

+ 4.6 


IV 

23 

24 

24 

— 7.2 







XI 

69 

66 

28 

— 5.2 

I 

5 

1 

28 

+ 1.5 

(-1) 



67 

28 

— 2.3 

. 





versus 


i 

68 

28 

— 5.0 





; 

(C) 

II 

ii 

9 

37 

— 3.2 

VI 

: 

40 

38 

47 

+ i.i 









36 

47 

— 0.4 


V 

28 

29 

59 

— 3.2 









32 

59 

— 0.9 







VI I 

41 

37 

61 

— 3.7 

V 

33 

34 

61 

— 2.8 


VI 

39 

35 

92 

— 2.0 

IV 

27 

26 

92 

— 2.1 

! 

' 





III 

18 

19 

119 

— 0.9 









20 

119 

— 1.6 

. 

VII 

43 

45 

14 

4-2.5 

XI 

72 

71 

14 

+ 4.0 




47 

i4 ; 

— 2.3 



70 

14 

+ 4.6 




48 

14 

— 0.3 







III 

17 

15 

21 

— 0.2 

XII 

74 

73 

21 

+ 5.2 

(-A) 






VIII 

50 

52 

21 

+ 0.0 

versus 

IV 

23 

22 

24 

— 1.5 






(C) | 






I 

5 

7 

28 

+ 3.9 









8 

28 

+ 3.7 


II 

11 

12 

37 

— 2.5 

VII 

42 

44 

37 

+ 2.7 




13 

37 

— 0.9 



46 

37 

+ 2.2 

■ 








49 

37 

+ 6.0 


V 

28 

30 

59 

— 5.6 







III 

17 

14 

21 

41.9 

VIII 

50 

53 

21 

+ 0.4 


IX 

56 

57 

24 

4-0.8 









58 

24 

— 3.9 






(-A-I) 



59 

24 

4-1.2 






versus 

IV 

23 

21 

24 

4*0.3 






(C) 






I 

5 

3 

28 

+ 5.4 









4 

28 

+ 1.2 


11 

11 

10 

37 

— 0.6 







V 

28 

31 

59 

— 5.1 
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marked variation, typical of the normal human gland (Marine, 
’09, and Keinhoff, ’30); and of the duck thyroid (Severing- 
haus, ’33). Variations occur in the structure of the thyroid in 
different individuals, different parts of the same gland, and 
different areas of the same follicle. The height of the cells 
lining the follicles varies from low to high cuboidal (fig. 1); 
mitotic figures and colloid droplets occur in some and not in 
other follicular and interfollicular epithelial cells; vesicles 
vary in size, shape and in the amount, distribution, vacuoliza¬ 
tion and staining capacity of the colloid within them. The 
peripheral area of the colloid in the vesicles and the intra¬ 
cellular colloid invariably took the basic stain in the Mallory 
and the Bensley technics, which indicates its lability and the 
fact that it is newly formed or resorbed colloid (Severinghaus, 
’33). The remainder of the colloid in most cases took the acid 
stain, but in some follicles the entire colloid mass took the 
basic stain. The process of transfer of colloid is evidently 
transcellular in view of the location of similar colloid drop¬ 
lets in vacuoles in the following areas: within and at the edge 
of the colloid mass in the vesicles, at the free border, and 
within the epithelial cells lining the vesicles (figs. 2 and 3). 
Transcellular method of resorption has been described in 
amphibia (Grant, ’31); and in the duck, sheep, guinea pig and 
monkey (Severinghaus, ’33). New follicles form within the 
follicular and interfollicular epithelium by the method de¬ 
scribed for sheep by Severinghaus (’33), and also by a con¬ 
striction of large colloid masses in the follicles, and the sub¬ 
sequent enclosure of the two resultant masses by the reorienta¬ 
tion of some of the epithelial cells. There is no evident rela¬ 
tion between the occurrence of mitotic figures and new follicle 
formation. 

(— I) Diet. In rats on the iodine deficient diet slight hyper¬ 
plasia is evident at the end of 28 days and occurred in both 
males and females on the diet for 56 days. It is character¬ 
ized by the height and particularly by the dome-shaped free 
edge of the epithelial cells lining the follicles (figs. 4 and 7). 
This hyperplasia is succeeded by atrophy in males fed this 
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deficient diet for 84 days, and in females on the diet for 122 
days. The characteristics of the atrophic thyroid gland (fig. 
9) are the large size of the vesicles throughout, the flattened 
epithelial cells lining the vesicles, the retraction of the colloid 
from the free edge of the cells, staining indicating the re¬ 
sorption of colloid, and the greater amount of connective 
tissue as compared with that in the thyroid glands of litter 
mate controls. 

(— A) Diet. The thyroids of both male and female rats on 
this deficient diet show two effects: 1) hyperplasia of epithe¬ 
lial cells similar to that observed in rats on an iodine deficient 
diet for a short period, and, 2) the degeneration of the epithe¬ 
lial cells which seems to be a specific effect of vitamin A 
deficiency (fig. 5). 

(— A — I) Diet. In male and female rats on this deficient 
diet for 21 to 28 days, two effects appear, namely, hyper¬ 
plasia and degeneration. There is no consistent difference 
in the colloid content of the vesicles of the deficient and the 
control rats nor in the number of mitoses, but there is more 
follicle formation. In a male rat on the doubly deficient diet 
for 56 days, atrophy occurred, accompanied by degeneration 
of the membrane and of the cytoplasm of the epithelial cells 
lining the vesicles (fig. 6). 

When the thyroid gland of rats on the experimental diets 
are compared with those of litter mate controls, it becomes 
evident that changes in percentage weight preceded the hyper¬ 
plastic, and later the atrophic, changes in the structure of 
the glandular epithelium. It is possible that early modifica¬ 
tions in the weight of the thyroid are due to initial changes 
in its vascularity, and in the consistency of the colloid within 
it, which precede changes in the function and structure of the 
follicular epithelium. 


DISCUSSION 

The body weights of the rats fed the control diets are lower 
than those given by Smith and Bing (’28) for rats of the same 
age from the same colony, due probably to the fact that the 
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preliminary dietary procedure restricted the vitamin A re¬ 
serves and the resultant growth of these rats. The thyroid 
weights of the majority of these control rats correspond more 
closely to Donaldson’s figures for the thyroid weights of 
animals of comparable age, than of those of comparable body 
weight. This appears to indicate that age is the factor deter¬ 
mining thyroid weight, but that the latter is modified by body 
weight, as in rat no. 41. No consistent differences exist in 
the thyroid weights of males and females on the control diet. 

The variation in the histological structure of the thyroids 
of rats on the normal diet is evidence of the lability of the 
normal gland, and favors the theory that activity of the gland 
is cyclic, periods of active secretion alternating with the 
periods of rest or of resorption of colloid, and activity of one 
part accompanying inactivity of another region of the same 
gland. The presence of mitotic figures and the prevalence of 
newly formed follicles indicate growth of additional thyroid 
epithelium in control and deficient rats. The location and the 
character of the colloid-containing vacuoles give evidence of 
the transcellular resorption of the colloid from the vesicles. 

(— I) Diet. Iodine deficiency in males and females for brief 
periods induces hypertrophy, and over longer periods causes 
atrophy of the thyroid. This is indicated by the differences 
in weight of the thyroid glands per 100 gm. of body weight in 
rats on the iodine deficient diet as compared with their litter 
mate controls, and by the comparative histological structure 
of the thyroid glands of the experimental and the control rats. 
These observations confirm Marine’s statement (’09) that 
iodine deficiency over brief periods may induce compensatory 
hypertrophy, which may with time be followed by an exhaus¬ 
tion atrophy. Neither hypertrophy nor atrophy occurs in 
rats on control diets containing iodine. The most pronounced 
atrophy on this iodine deficient diet occurs in rats on the 
diet for the longest periods, and confirms the statement of 
Hellwig (’31) that “the severity (of the atrophy) .... is 
in direct proportion to the length of time the feeding experi¬ 
ments are continued.” The fact that the diet used contains 
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iodine to the extent of 16 to 17 gamma per kilogram may ac¬ 
count for the failure to obtain more marked hyperplasia in 
this investigation. The results indicate that the hypertrophy 
occurs only during the first few weeks after weaning, that it 
is transitory, and that it is followed by atrophy. Results 
reported by Thompson (’33) indicate that in rats the hyper¬ 
trophy is more pronounced and persistent when an excess of 
calcium is added to an iodine-deficient diet. 

(— A) Diet. Vitamin A deficiency alone led to different 
results in these experiments in females as compared with 
male rats. In the former it caused hypertrophy as indicated 
by comparison of thyroid weight per 100 gm. of body weight 
with that of litter mate controls, and as indicated by the 
protrusion of the free edge of epithelial cells into the cavity 
of the follicles. A possible explanation of the hyperplasia 
is that the vitamin A deficiency first alters the normal metabo¬ 
lism of the epithelial cells of the thyroid gland and prevents 
the normal absorption and utilization of iodine; and is thus 
a dietetic factor which causes a ‘relative’ deficiency of iodine 
(Marine, ’28; and Thompson, ’33). Histological examination 
reveals that degeneration of some of the epithelial cells oc¬ 
curs simultaneously with hyperplasia of others in the same 
follicle (fig. 5). In males the vitamin A deficiency causes 
atrophy, even in individuals on the diet for a very brief period. 
A deficiency of longer duration might produce atrophy in 
females. In the males the degenerating effect, so clearly evi¬ 
dent on histological study, apparently predominates, as is 
indicated by the comparative weights of the thyroids per 
100 gm. of body weight. 

(— A — I) Diet. The effects of the iodine and the vitamin A 
deficient diet on the thyroid may be viewed in the light of 
the effects of the single deficiencies. In males for a period 
of 3 weeks, and in females for one of 4 weeks, the double de¬ 
ficiency produces slight hypertrophy as indicated by weight; 
but associated with it is some degeneration revealed by histo¬ 
logical examination. In males over a period of 37 to 59 days 
atrophy, associated with degeneration, occurs as revealed by 
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weight and histological appearance. It is probable that 
atrophy in females would also have occurred if they could 
have been maintained for a longer period on the doubly 
deficient diet. 


SUMMARY 

1. Iodine deficiency in the diet produces an initial hyper¬ 
trophy of the thyroid gland in both males and females. This 
persists for a longer time in females. It is followed in both 
sexes by atrophy. 

2. Vitamin A deficiency produces definite hypertrophy in 
the female, during the limited period of experimentation, but 
consistent atrophy in the male. 

3. A deficiency of iodine and vitamin A in the diet produces 
an initial hypertrophy in males and females. In males atrophy 
follows with continued deficiency. 

4. Enlargement of the thyroid gland, induced experi¬ 
mentally, is more pronounced and persists longer in females 
than in males. 

5. A study of the normal rat thyroid indicates that: a) Great 
variability exists in the histological structure of the normal 
gland, which may be regarded as evidence of a cyclic secre¬ 
tion of the glandular epithelium; b) colloid release in the 
normal rat thyroid is evidently a transcellular process. 
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PLATE 1 

EXPLANATION OF FIGURES 

Camera lucida drawings, X 1500. Colloid represented in solid black. Details 
added free hand from oil immersion study. 

1 Portion of a single follicle of thyroid of normal rat, no. 40, female, on 
adequate diet 47 days. Note variability in height of epithelial cells, ranging 
from cuboidal to high columnar. Also size of follicle. 

2 A colloid droplet outside of the vacuole in the colloid mass, passing toward 
the epithelium. 

3 A colloid droplet passing through the membrane of the free edge of the 
epithelial cell. 

4 Follicle and epithelium of adjacent follicle of rat no. 38, female, on iodine 
deficient diet for 47 days. Note the hyperplasia of the epithelial cells; tho 
‘dome' shape of the individual cell. 

5 Follicle of rat no. 13, on vitamin A deficient diet for 37 days. Note 
degenerating epithelial cells at bottom and right of follicle. Also the ‘dome' 
shape of the free edge of cellB at the left. Colloid droplets present in epithelial 
cells. 

6 Single follicle of rat no. 21, on iodine and vitamin A free diet for 24 days. 
Note degeneration of epithelial cells. 
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PLATE 2 

EXPLANATION OP FIGURES 

7 Follicle and epithelia of adjacent follicles of rat no. 38, female, on iodine 
deficient diet for 47 days. Note hyperplasia of epithelial cells. X 1400. 

8 Portion of gland of control rat no. 18, female, on adequate diet for 119 days. 
Note many small vesicles, height of epithelial cells and small amount of colloid. 
Compare with figure 9 of same magnification. X 300. 

9 Portion of gland of rat no. 19, female, on iodine deficient diet for 119 days. 
Note large size of follicles, flattened epithelial cells, and stored colloid, retracted 
from the epithelium. X 300. 
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UTILIZATION OF GELATIN, CASEIN AND ZEIN BY 

ADULT RATS 1 


INEZ D. MASON AND LEROY S. PALMER 
Section of Animal Nutrition , Division of Agricultural Biochemistry , 
University of Minnesota, St Paul 


(Beceived for publication August 25, 1934) 


The relative utilization of gelatin, zein and casein was 
studied by McCollum (12) in experiments on the pig. At 
that time relatively little was known of the mineral and vita¬ 
min requirements of animals. The present investigation was 
undertaken to determine the relative value of these same 
proteins in the nutrition of the adult rat in the light of the 
present knowledge of accessory needs. Since McCollum’s aim 
was to determine the influence of a given protein in repairing 
waste due to endogenous catabolism, he wished to avoid feed¬ 
ing above the endogenous level, and took the urinary nitrogen 
alone as an index of the nitrogen to be fed. He regarded the 
fecal nitrogen as accidental in character and independent of 
the essential tissue metabolism, but of use in determining the 
thoroughness of absorption. 

It is generally recognized that the biological value of a pro¬ 
tein for maintenance is underestimated if it is fed above the 
endogenous level, since a portion of it would then be used 
for energy requirements. In the case of young growing rats, 
Mitchell (’23-’24b) found that corn proteins fed at a 5 per 
cent level had a biological value of 72, while a 10 per cent level 

‘Part of the data reported in this paper are taken from a thesis presented 
by Inez I). Mason in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy, University of Minnesota, 1933. The remainder were 
secured with the aid of a fellowship granted by the Graduate School of the same 
university. The original data are on file in the Division of Biochemistry, 
University of Minnesota. 
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which permitted some growth gave a value of only 60. 
Whether or not the values are constant for varying levels be¬ 
low that required for maintenance is still a disputed question. 
Mitchell and Hamilton (’29) consider it logical to suppose 
that dietary amino acids are oxidized in the tissue . . . in 
proportion to their relative concentration in the intracellular 
fluids with reference to the other organic nutrients .... and 
also in proportion to their relative oxidizability as compared 
with glucose, fats, lipoids, etc.” Hence the biological value 
of a protein may be expected to increase as its percentage in 
the diet decreases. 

Widely varying results have been given for the utilization 
of gelatin when fed at approximately the endogenous level. 
McCollum (’12), with pigs, found a utilization of 50 to 60 per 
cent, while Terroine, Fleuret and Strieker (’23), also with 
pigs, gave nitrogen balance data from which a biological value 
of 33 may be calculated. Mitchell (’23-’24 b), with rats, got 
results ranging from 0 to 44. 

Casein was given a value of 70 by Thomas (’09), 71 by 
Mitchell (’23-’24 b) and 76 by Fixsen and Jackson (’32). 
Rajzmann (’33) found a biological value of 77, 78 and 81 in 
experiments with the rat, the pig and the rabbit, respectively. 

Like gelatin, zein has given variable results. Calculations 
from Henriques’ (’09) nitrogen balance data give a value 
of 30, while McCollum (’12) records a value of 80. 

In this work we used Mitchell’s (’23-’24a) method for de¬ 
termining biological values. 

EXPERIMENTAL 

Preparations 

Since the food intake decreases after a few days on a ‘nitro¬ 
gen free’ diet, a study was made of palatability. The inclu¬ 
sion of sugar and a change of fat helped the appetite. The 
diet chosen contained tapioca dextrin 60 per cent, sugar 19 
per cent, Osborne and Mendel’s (’19) salt mixture 4 per cent, 
agar 2 per cent, butter fat 13 per cent, and cod liver oil 
2 per cent. This was alternated with a similar diet containing 
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slightly more lard in the place of butter fat and cod liver oil, 
and with slightly less sugar. These diets contained 0.22 mg. 
nitrogen per gram food. Allowance was made for the differ¬ 
ence in the energy contents of the two diets in providing for 
the calculated energy requirements of the different animals. 

In order to provide a vitamin supplement low in nitrogen, 
yeast was extracted as follows: 

Five hundred grams of Fleischmann’s whole dry yeast were 
extracted with 50 per cent alcohol three times, the total amount 
of alcohol used being 5 liters. In each extraction the mixture 
was heated with constant stirring, to the boiling point, then 
filtered through a Buchner funnel. The combined filtrates 
were added to 220 gm. of dextrin, evaporated, ground and 

TABLE 1 

Nitrogen and water content of oasein, stein and gelatin 


: 

i 

WATER 

NITROGEN 


per cent 

per cent 

Casein 

4.85 

15.73 

Gelatin 

11.11 

17.58 

Zein 

4.37 

15.94 


made into tablets. Each tablet contained the extract from 
500 mg. of yeast and weighed 300 mg. The nitrogen content 
of these tablets prepared from various yeast extracts was 
6.2, 8.2 and 5.5 mg. per tablet, respectively. 

The casein was prepared by Palmer and Kennedy (’27), 
and the zein by Mason and Palmer (’34). A commercial 
sample of gelatin was used. 

Analyses 

Samples of these three proteins were analyzed for moisture 
by drying for 5 hours in a vacuum oven at 100°C. and for total 
nitrogen by the micro Kjeldahl method. The results are shown 
in table 1. 

All analyses for total nitrogen were made with the Cavett 
(’31) apparatus, using the regular Kjeldahl method. 
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The feces were prepared for analysis by air drying, re¬ 
moving loose hair, and grinding. In some cases a large 
amount of hair was evident after the grinding. This was 
shaken to the top and the greater portion removed with 
forceps. Before weighing samples for analysis, the ground 
feces were again shaken and the top layer containing some 
hair was brushed aside so that the samples were taken from 
the lower layer without hair. 

In determining the nitrogen distribution in the proteins a 
few changes were made in Oavett’s (’32) modification of the 

TABLE 2 


Nitrogen distribution of casein , gelatin, zein and the alcohol soluble fecal extract 
after feeding zein as determined by the Van Slyke analysis. 

Expressed in per cent of total nitrogen 



CASEIN 

GELATIN 

ZEIN 

ALCOHOLIC 
FECAL EXTRACT 

Ammonia N 

per cent, 

10.30 

per cent 

3.86 

per cent 
19.68 

per cent 

21.39 

Humin N 

1.89 

0.52 

1.28 

2.23 

Arginine N 

7.82 

15.17 

3.78 

2.77 

Cystine N 

0.26 

0.21 

0.17 

0.23 

Histidine N 

7.54 

4.33 

3.26 

2.00 

Lysine N 

9.80 

6.85 

1.24 

2.38 

Total N of bases 

25.42 

26.56 

8.45 

7.38 

Filtrate from bases: 
Amino N 

57.71 

53.06 

62.40 

64.24 

Non-amino N 

5.00 

17.12 

7.06 

4.63 

Total recovery 

100.32 

101.12 

98.87 

99.87 


Van Slyke method. The hydrolysis, distillation of hydro¬ 
chloric acid and determination of ammonia nitrogen and total 
humin nitrogen were made in the Patton (’32) Kjeldahl- 
Claissen flask. Twice the quantity of material was taken 
throughout, the phosphotungstate separation was made by 
filtration and the histidine fraction obtained by calculation. 
The results are shown in table 2. 

Experimental technic 

Adult male rats weighing 350 to 500 gm. were selected at 
random from various laboratory strains. 
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The metabolism cages were made by inverting in a rack a 
battery of bottle tops serving as funnels. In each funnel 
was placed a round cage with a removable bottom. A water 
bottle was inserted at the side, and from the top hung a 
covered feed cup of the McCollum type. A copper wire screen 
was placed under the cage bottom in the funnel to retain the 
feces, while underneath the funnel was a beaker to receive 
the urine. The copper mesh, funnel and beaker were dis¬ 
infected with an alcoholic solution of thymol to prevent de¬ 
composition of the urine, and as an added precaution against 
loss of ammonia 5 cc. of a 3 per cent sulfuric acid solution 
were placed in each beaker. 

The plan of the experiment was to use a 3-day preliminary 
period during which the basal ration was fed from the hang¬ 
ing feed cups, but no collections were made. This was fol¬ 
lowed by a 2-day period in the metabolism cages. At the end 
of this period urine and feces were collected and analyzed. 
The animals were put into other cages and given in addition 
to the previous diet about 0.4 gm. of the protein to be used 
in the following period. After analyzing the urine, the amount 
of the desired protein which contained the same amount of 
nitrogen was calculated. During each of the three succeeding 
days each rat was given the amount of nitrogen as protein 
which had been excreted in urine daily by the same individual 
during the previous period. At the end of 3 days, collection 
of urine and feces was again made, and protein feeding was 
discontinued. After a day’s interval the rats were returned 
to the metabolism cages for a final 2-day ‘nitrogen free’ feed¬ 
ing period, after which collections and analyses were again 
made. A yeast extract tablet soaked in cod liver oil was given 
each rat daily. The animals were kept in individual cages 
at all times during the experiment. 

The accuracy of the collection of urine was tested by trick¬ 
ling a known volume of urine over each of two cage bottoms 
at intervals during a 3-day period. Thirty cubic centimeters 
of urine were used in each cage, and at the end of the period 
the collection was made by thoroughly washing the cage bot- 
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tom, funnel and copper wire netting, using distilled water and 
a small brush. About 200 cc. of water were used in each case. 
This was made up to 250 cc., filtered, and 5 cc. duplicates 
taken for analysis. Analysis of the original specimen showed 
a loss of only about 3 per cent in collection. 

Since the food intake progressively decreases on a diet very 
low in nitrogen, it seemed desirable to make the preliminary 
period as short as possible in the hope of securing an adequate 
energy intake throughout the experiment. In order to deter¬ 
mine the length of time required to bring the urinary nitrogen 
to the endogenous level, experiments were conducted on six 
rats fed on a ‘nitrogen free’ diet. The urine was collected 
and analyzed daily. Only a very slight decrease was found 
after the third day, so a 3-day preliminary period was chosen. 

It seemed desirable to feed the protein separately, since 
each rat was given a different amount, and it was impossible 
to predict from day to day just how much of the ration would 
be eaten. The problem was to feed the protein in such a 
form that it would be palatable and not easily scattered, and 
so that any which was thrown out could be recovered for 
analysis. With gelatin these conditions were met by adding 
1 gm. of sucrose to each day’s protein ration and then making 
it into a stiff gel with water. Casein and zein presented diffi¬ 
culties as they were easily scattered and were unpalatable in 
their highly purified condition. These proteins were incor¬ 
porated in a sweetened agar gel. The casein was mixed with 
10 cc. of a 1 per cent agar sol containing 1 gm. of sucrose and 
allowed to gel. Zein did not mix well with the sol, so it was 
beaten into the gel with a piece of copper wire. Fresh protein 
ration was prepared each day and at the end of 3 days all 
material left in the dishes as well as any which was scattered 
was collected and analyzed for nitrogen. 

Although the basal diet contained 2 per cent of agar, the 
increase of this substance during the protein feeding period 
raised the question as to whether the increase of indigestible 
material in the diet altered the amount of fecal nitrogen elimi¬ 
nated. Mendel and Fine (’12) found that the addition of agar 
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plus bone ash to the diet of a dog increased the nitrogen out¬ 
put. Mitchell (’23-’24 a) thought that the addition of in¬ 
digestible matter in the form of filter paper was not of great 
importance in determining biological values, although he 
found an appreciable increase in metabolic fecal nitrogen. 

In order to test the effect of this additional agar, seven rats 
were carried through the regular experimental periods, ex¬ 
cept that protein was not given. They were given the regular 
amount of extra agar as a sweetened gel during the interval 
and the 3-day collection period. There was no appreciable 
change in the amount of nitrogen eliminated per gram of food 
eaten. 

Nitrogen balance data 


Twenty nitrogen balance experiments were carried out with 
casein, eighteen with gelatin and twenty with zein. The rela¬ 
tive utilization was calculated by the McCollum (’12) method 
in which the fecal nitrogen is not included. The results are 
given in table 3, the average values being 74 for casein, 23 
for gelatin and 57 for zein. 

The nit rogen balance data were studied to determine signifi¬ 
cant correlations and possible errors inherent in the method. 

The increase in urinary nitrogen during the growth of the 
rat was shown by Hatai (’05). In the present experiment 
only adult males were used, and since the differences in weight 
were partly due to fat, the question arose whether there would 
be a larger excretion of urinary nitrogen in the heavier ani¬ 
mals. Table 4, no. 1 shows a highly significant correlation 
between the weight of the animal and its endogenous urinary 
nitrogen even with adult rats ranging in weight from 341 to 
504 gm. The tests for significance are taken from the table 
of Wallace and Snedecor (’31). 

The following formulae were used: 


rI _ V~Z*-(Sx)x 
Vn —1 


2*y — (Zx)_y 

r = n-1^_ 

ox a y 


r Vn - 2 
Vf-r 1 


During the experiments each animal lost weight. This loss 
was partly due to a decrease in the contents of the alimentary 
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canal. Several rats were weighed the day after the completion 
of the experiment having had stock food for 24 hours. The 
average gain was 11 gm. The other fraction was probably 
chiefly loss of fat. This was only gradually regained. In 

TABLE 3 

Percentage retention of oasein f ssein and gelatin calculated by McCollum’s method 


RAT NO. 

CASEIN 

ZBIN 

GELATIN 

11 


60.7 

20.1 

13 



23.5 

14 



23.1 

16 

76.0 


22.9 

17 

78.8 

69.0 

31.8 

17 


74.3 

23.3 

20 

67.6 

51.5 

32.8 

27 

84.6 


35.5 

27 



16,7 

29 

73.9 

50.9 


30 



17.8 

33 

76.3 

47.3 

17.1 

34 



17.0 

35 

75.0 

50.0 


36 

82.7 



37 

70.7 

! 

40.4 

38 



30.3 

39 

76.3 

49.2 

22.7 

41 

77.7 


15.1 

42 

74.5 

58.5 

14.9 

45 

78.2 



50 

80.3 



51 


72.8 


52 

77.0 

51.9 


52 

i 

72.9 


55 

64.0 



56 

72.5 

59,3 


59 

71.7 

64.0 


60 

70.0 

58.9 


61 

60.1 

47.8 

16.1 

61 


57,1 


63 


44.1 


64 


46.6 


67 


59.9 


Mean 

74.4 

57.3 

23.4 

Standard 




deviation 

5.95 

9.41 

7.69 
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TABLE 4 

Summary of nitrogen balance data 


FACTORS CO&&ILATBD 

n 

X 

y 

<rx 


r 

t 

1. x: Weight of rat 

y: Endogenous urinary N 

30 

399.8 

71.4 

38.96 

9.25 

+ 0.482 

2.91 

2. z: Percentage retention gelatin N 
y: Percentage retention zein N 

7 

21.6 

55.9 

6.59 

8.46 

+ 0.213 

0.486 

3. z: Percentage retention gelatin N 
y: Percentage retention casein N 

10 

23.6 

74.3 

8.41 

6.74 

— 0.036 

0.010 

4. z: Percentage retention zein N 
y: Percentage retention casein N 

12 

56.4 

72.9 

7.34 

5.06 

+ 0.255 

0.834 

5. z: Mg. N in yeast and basal diet 
y: Percentage retention zein N 

20 

8.5 

57.3 

1.78 

9.41 

— 0.364 

1.660 

6. x: Mg. N in yeast and basal diet 
y: Percentage retention gelatin N 

18 

7.9 

23.4 

0.81 

7.69 

+ 0.268! 

1.111 

7. x: Ingested zein N as percentage 
endogenous urinary N 
y: Percentage retention zein N 

20 

! 

83.4 

57.3 

17.54 

9.41 

— 0.444 

2.101 

8. x: Ingested gelatin N as percentage 
endogenous urinary N 
y: Percentage retention gelatin N 

18 

95.2 

23.4 

i 

23.41 

7.69 

— 0.477 

2.168 

9. x: Ingested casein N as percentage 
endogenous urinary N 
y: Percentage retention casein N 

20 

105.2 

74.4 

9.61 

5.95 

— 0.318 

1.424 

10. x: Percentage ingested zein 
y: Percentage retention zein N 

20 

4.24 

57.3 

1.98 

9.41 

— 0.344 

1.555 

11. x: Percentage ingested gelatin 
y: Percentage retention gelatin N 

18 

3.98 

23.4 

1.86 

7.69 

— 0.471 

2.136 

12. x: Percentage ingested casein 
y: Percentage retention casein N 

20 

5.52 

74.4 

1.58 

5.95 

— 0.198 

0.859 

13. x: Fecal zein N as percentage ingested N 
y: Urinary zein N as percentage resorbed N 

20 

20.7 

55.1 

8.77 

15.74 

-f 0.738 

4.890 

14. x. Fecal corn N as percentage ingested N 
y: Urinary corn N as percentage resorbed 

N (Mitchell) 

21 

6.0 

40.1 

3.15 

6.54 

+ 0.608 

3.334 

15. z: Fecal cocoa N as percentage ingested N 
y: Urinary cocoa N as percentage resorbed 
N (Mitchell) 

13 

60.0 

59.6 

i 

7.92 

13.32 

+ 0.659 

2.907 

36. x: Efficiency index 

y: Fecal zein as percentage ingested N 

22 

1.71 

27.8 

0.44 

l 

8.26 

-0.251 

0.116 

17. x: Efficiency index 

y: Urinary zein N as percentage resorbed N 

22 

1.71 

61.7 

0.44 

10.65 

+ 0.029 

| 

1 

0.132 

18. x: Efficiency index 

y: Biological value of zein 

22 

1.71 

38.3 

0.44 

10.64 

— 0.030 

0.133 

19. x: Fecal zein N as percentage ingested N 
(rats of known efficiency) 
y: Urinary zein N as percentage resorbed N 

22 

27.8 

61.7 

8.26 

10.65 

+ 0.102 

0.462 
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determining the endogenous urinary nitrogen of young rats, 
Mitchell (’23-’24 a) introduces corrections for changes in 
body weight during the experiment. In order to see whether 
this correction is necessary with large adult rats, twelve ex¬ 
periments were recalculated using corrections for body weight 
and compared with the uncorrected values. There was no 
appreciable difference in the figures. 

The greatest difficulty of the experiment lay in securing 
adequate calorie intake and many animals were discarded 
temporarily because they ate so little. The surface area was 
calculated from the modified Meeh-Rubner formula as given 
by Lee (’29). This for male rats is S —12.62 X W° 90 , "where 
S = body surface in square centimeters, and W — weight in 
grams. Hitchcock (’27) calculates that inactive mature rats 
require approximately 855 calories per square meter of body 
surface. The amount of food required was calculated and 
when the intake fell far below this amount, the rat was dis¬ 
carded. It seemed possible that with fat mature animals a 
somewhat lowered food intake for a brief period might not 
be of great importance, since the animal ’s supply of fat would 
furnish energy. One might expect that a lowered intake of 
energy during the protein feeding period would give a lowered 
retention of nitrogen, since part of the protein would probably 
be used for energy requirements. On the other hand, a low¬ 
ered calorie intake during the ‘nitrogen free’ periods might 
be expected to give too high a percentage retention because 
of giving too high a value for the endogenous nitrogen. This 
would mean too low a value for the exogenous fraction and in 
consequence a high percentage retention. 

In order to determine the significance of the calorie intake, 
a study was made of the individual cases. Of the fifty-eight 
experiments there were nineteen in which the energy intake 
fell below the theoretical requirements in one or both of the 
‘nitrogen free’ periods, but was adequate during the protein 
feeding period. This showed no appreciable effect on the 
percentage retention of nitrogen. Similar findings are re¬ 
ported by Fixsen and Jackson (’32). There were only two 
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oases in ■which the intake was inadequate during the protein 
feeding period, but adequate during the other periods. In 
these two cases the values were distinctly below the average, 
though not so low as the lowest values in experiments in which 
the intake was adequate throughout. It was assumed, there¬ 
fore, that no serious error was introduced into the average 
results due to inadequate food intake. 

Since in some cases the same animals were used in experi¬ 
ments with more than one protein, it seemed desirable to know 
whether a rat which utilized one protein well would give 
similar results with another. Correlations were made between 
the percentage retention of the nitrogen of gelatin and zein, 
gelatin and casein, and zein and casein. Nos. 2, 3 and 4 in 
table 4 show no relation between the retention of the different 
proteins. 

As the ‘nitrogen free’ diet and the vitamin supplement both 
contained a small amount of nitrogen, the question arose as 
to the possibility of a supplementary action between these 
forms of nitrogen and the protein studied. To test this the 
supplementary nitrogen ingested was correlated with the per¬ 
centage retention of nitrogen in the case of each of the inade¬ 
quate proteins. No relationship was found (table 4, nos. 5 
and 6). 

The constancy of the biological value of any protein for 
maintenance when fed in amount less than that required for 
nitrogen equilibrium is still a debated subject. Martin and 
Robison (’22) are inclined to the view that it is constant, 
while Mitchell (’23-’24b) believes that the animal organism 
becomes more economical as less protein is supplied, so that 
higher values are obtained for smaller quantities ingested. 
He believes that the biological value is related to the percent¬ 
age of proteins in the food, since a decreased calorie intake 
would increase the utilization of protein for energy. 

In the present work each animal was given in the form of 
protein the amount of nitrogen which it had excreted in urine 
during the previous ‘nitrogen free’ period. Varying amounts 
of the offered protein were eaten, so we were able to correlate 
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the ingested nitrogen expressed as its percentage of the endo¬ 
genous urinary nitrogen with the percentage of nitrogen re¬ 
tention. The average of the two ‘nitrogen free’ periods is 
used in the correlations. This explains an ingestion of over 
100 per cent in no. 9 (table 4, nos. 7, 8 and 9). Similar calcu¬ 
lations were made in which the ingested protein was expressed 
as percentage of the food intake (table 4, nos. 10,11 and 12). 
These two sets of correlations were uniformly negative, two in 
the first set and one in the second being significant, thus indi¬ 
cating a higher retention when less nitrogen is ingested. 

As a check on the digestion of the proteins several fecal 
analyses were made for nitrogen in the experiments with 
gelatin and with casein. The digestion of gelatin was found to 
be complete and that of casein nearly so. In eight cases the 
biological values were calculated by the method of Mitchell 
and the results showed no appreciable difference from those 
calculated by McCollum’s retention method. 

On the other hand, zein was not well digested, and the 
digestibility varied with different animals. For this reason 
nitrogen determinations were made on the feces of all zein 
fed animals and the biological values were calculated accord¬ 
ing to Mitchell’s method. These values showed an extremely 
wide variation, ranging from 18 to 72 with a standard devia- 
tionof 15.86. In investigating this wide range of values a cor¬ 
relation was run between the exogenous fecal nitrogen ex¬ 
pressed as the percentage of the nitrogen ingested and the 
exogenous urinary nitrogen expressed as the percentage of the 
nitrogen resorbed. The purpose of this was to determine 
whether there was any connection between the two types of 
wastage of nitrogen, i.e., that lost through lack of digestion 
and resorption and the further loss of part of the resorbed 
portion through failure to utilize it in metabolism. This gave 
a highly significant correlation, as shown in table 4, no. 13. 

In a further study of this relationship the nitrogen balance 
data (Mitchell, Beadles and Keith, ’26) where cocoa was fed, 
also Mitchell’s (’23-’24b) experiment in which corn was fed 
at the 10 per cent level were treated in the same manner. In 
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the case of cocoa, the correlation between the wastage of food 
nitrogen in the feces and its wastage in the urine was signifi¬ 
cant, and in the experiment with corn it was highly significant. 

These correlations throw light on the wide range of bio¬ 
logical values obtained when the animals vary widely in their 
ability to digest the protein. However, the fundamental ex¬ 
planation for this relationship remains to be determined. 

Composition of undigested zein 

Mitchell and Hamilton (’29) believe that the portion of the 
food protein which escapes digestion may differ markedly in 
its amino acid yield from the ingested food, since the different 
linkages in the molecule vary in resistance to digestive 
enzymes. According to this theory, most of the molecules may 
be partially broken down in the alimentary canal and the more 
resistant portion excreted. After feeding zein to rats, Osborne 
and Mendel (’14) were able to recover from 7.4 per cent to 
39.5 per cent of the ingested nitrogen by extracting the feces 
with 80 per cent alcohol. This indicates that the zein residue 
is still alcohol soluble in spite of changes which may have 
taken place in its composition. If certain groups of little 
or no value in nutrition should be split off and resorbed first, 
most of this nitrogen would be excreted in the urine. In order 
to test this possibility, an alcoholic extract of the feces of 
zein fed rats was analyzed for nitrogen distribution. 

After a preliminary period on a diet containing dextrin 
54 per cent, sugar 10 per cent, salt mixture 4 per cent, agar 
2 per cent, zein 15 per cent and lard 15 per cent, feces were 
collected from nine rats for 4 days. Samples were analyzed 
for total nitrogen. The metabolic nitrogen was calculated 
from the average of thirty previous experiments (1.91 mg. per 
gram food consumed). According to this calculation, 23 per 
cent of the food nitrogen was present in the feces. After 
ether extractions to remove the fat the feces were extracted 
with 92 per cent alcohol. The alcoholic extract contained 16.4 
per cent of the ingested nitrogen, and 71 per cent of the calcu¬ 
lated exogenous fecal nitrogen. Analysis of this extract is 
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given in table 2. The nitrogen distribution, not being mark¬ 
edly different from that of the ingested zein, gave no evidence 
in support of this theory. 

Nitrogen balance experiments with rats of known efficiency 

index 

It seemed possible that the individual variation in ability 
to digest zein might be related to the inherent food utilization 
efficiency of the animals. To test this, twenty-two nitrogen 
balance experiments were carried out as before, using male 
rats whose efficiency index had been determined during the 
6-week period after attaining a weight of 60 gm. These ani¬ 
mals were supplied by Palmer and Kennedy (’31) and were 
from inbred strains having at least nine generations of sib 
matings and which showed great uniformity in ability to 
digest synthetic diets. The efficiency indices 2 ranged from 
1.13 to 2.44. These indices were correlated with the exogenous 
fecal nitrogen expressed as the percentage of ingested nitro¬ 
gen, with the exogenous urinary nitrogen expressed as the 
percentage of resorbed nitrogen, and with the biological value. 
The exogenous fecal nitrogen expressed as the percentage of 
ingested nitrogen was also correlated with the exogenous 
urinary nitrogen expressed as the percentage of resorbed 
nitrogen. None of these correlations are significant (table 4, 
nos. 16,17,18 and 19). 

We suggest that the insignificant correlation in the latter 
case may be explained by the use of the advanced inbred 
strains in contrast to the former case where random sampling 
of rats resulted in a highly significant correlation between the 
fecal and urinary wastage of the food. 

SUMMARY 

Nitrogen balance experiments were carried out with adult 
male rats, using casein, gelatin and zein. The percentage 
retention calculated by McCollum’s (’12) method averaged 
74 for casein, 23 for gelatin and 57 for zein. 

•The efficiency index is the food required (in grams) per gram of gain per 
100 gm. body weight. 
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Studies were made of the nitrogen balance data, first, to 
determine possible errors inherent in this type of experiment, 
and, second, to find significant correlations. 

With the large adult male rats used it was found unneces¬ 
sary to correct the urinary nitrogen for the loss in weight 
during the experiment. 

A fall in calorie intake somewhat below the theoretical re¬ 
quirements during the ‘nitrogen free’ feeding period was of 
no apparent significance. 

There was no apparent supplementary effect of the nitro¬ 
genous compounds of the yeast extract and the dextrin on the 
inadequate proteins used. 

The percentage retention increased as less protein was in¬ 
gested, even though it was never fed above the endogenous 
level. 

When the same animals were used in experiments with more 
than one protein, there was no significant correlation between 
the individual utilization of the different proteins. 

Gelatin and casein were so well digested that there was no 
significant difference between the percentage retention calcu¬ 
lated by McCollum’s (’12) method and the biological value 
calculated by Mitchell’s (’23-’24 a) method. However, zein 
showed a poor and variable digestibility, the exogenous fecal 
nitrogen ranging from 4 to 36 per cent of the ingested zein. 
The biological values varied widely, from 18 to 72, the average 
being 45. This wide spread in results led to the discovery 
of a highly significant correlation between the exogenous fecal 
nitrogen expressed as the percentage of nitrogen ingested and 
the exogenous urinary nitrogen expressed as the percentage 
of nitrogen resorbed. 

Further experiments with rats of known efficiency index for 
growth showed no relation between the inherent efficiency of 
the animal and the digestibility or utilization of the zein. 

Analysis of undigested zein residues for nitrogen distribu¬ 
tion furnished no explanation of the highly significant cor¬ 
relation between the food wastage in the feces and that in the 
urine. 
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This study consists of a determination of the amount of 
vitamin C required by guinea pigs ranging from 124 to 1024 
gm. in body weight. As a criterion of vitamin deficiency, the 
changes in microscopic structure of the roots of the incisor 
teeth, first described by Zilva and Wells (’17-’19) and 
analyzed in detail by J. A. Hojer (’24) and A. Hojer (’26), 
have been employed. Three reasons for collecting these data 
may be given. The first is the establishment of the relation¬ 
ship, if any, between body size and vitamin C requirement. 
Although it has been shown by Goettsch and Key (’28) and 
confirmed by Eddy (’29), that a 300 gm. guinea pig needs 
about 3 cc. of orange or lemon juice daily for protection 
against the earliest signs of scurvy, namely, the tooth changes, 
there seems to be no information available as to the require¬ 
ments of larger or smaller animals. Would one expect a 
young guinea pig of 100 gm. weight and an old one of 900 gm. 
to require 1 cc. and 9 cc. of lemon juice, respectively, or rela¬ 
tively more or less? A quantitative answer to this question, 
in the form of a mathematical equation, might shed light on 
the actual factors (e.g., body mass, age, growth, or metabolic 
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rate) possibly concerned in the body’s use of vitamin C, in 
a manner analogous to what has already been demonstrated 
by Cowgill and his collaborators (’32) with respect to 
vitamin B. 

The second reason why such data might be of value resides 
in the fact that they may assist in the determination of the 
human requirement for vitamin C in the same way that animal 
studies have done in relation to vitamin B (Cowgill, ’34). 
Direct measurements of the vitamin C needs of human beings 
are difficult to make. Gothlin (’31) and Falk, Gedda and 
Gothlin (’32-’33), using the strength of skin capillaries as a 
criterion, have reported that man probably requires from 0.7 
to 1.0 cc. of orange juice daily per kilogram of body weight, or 
relatively about one-ninth as much as the guinea pig. Measure¬ 
ment of the requirements of different sized members of the 
latter species might aid in understanding why the human 
requirement should be relatively so much smaller. 

A third, though less important, purpose in our study is a 
possible contribution to the convenience of workers who use 
biological methods for the vitamin C assay of foods. The 
knowledge now available as to the chemical nature of this 
dietary factor, and the rapidly developing methods for the 
determination of ascorbic acid, may shortly render obsolete 
the use of guinea pigs in assay of food materials. Neverthe¬ 
less, as long as biological assays are still employed, a formula 
for relating vitamin C requirement of the body size in this 
species might make it possible to use animals of any weight; 
the investigator would then not be limited to the use of guinea 
pigs between 250 and 350 gm. 

METHODS 

The diet employed was Eddy’s (’29) modification of the 
Sherman-La Mer scorbutic ration and consisted of the follow¬ 
ing ingredients: 

Per cent 

Skim milk powder, heated in a current of air at 110°C. for 24 hours 30 


Butter fat 9 

Sodium chloride X 

Boiled oats and whole bran, mixed in equal parts by weight 59 

Cod liver oil 1 
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Eighty guinea pigs, studied in groups of from six to ten at a 
time, gave the results reported in this paper. Usually three 
or four animals of the same sex and approximate size were 
housed in a large cage. The small animals were obtained 
from a local dealer, while the larger ones were purchased 
from Prof. H. L. Ibsen, of Kansas State College of Agricul¬ 
ture, who has used for genetic studies strains characterized 
by unusually large individuals. Groups of various sizes were 
selected more or less at random over a period of a year, so 
that possible seasonal differences were avoided. For example, 
a group ranging from 120 to 200 gm. in body weight was 
studied in January, and another of similar size in May; some 
animals of 700 to 800 gm. were observed in April, and others 
in October. 

After a few days, during which the guinea pigs received 
oats, cabbage and scorbutic food mixture, ad libitum, they 
were restricted to the scorbutic diet alone, supplemented with 
individual daily doses of fresh decitrated lemon juice, pre¬ 
pared as directed by the Conference on Vitamin Standards of 
the League of Nations (Medical Research Council, ’32). The 
juice was given by pipette, and little difficulty was experienced 
in training most of the animals to take it quantitatively with¬ 
out spilling. Water was supplied ad libitum in drinking 
fountains consisting of inverted bottles provided with glass 
tubes. After a period of subsistence on the scorbutic diet plus 
limited vitamin C, in a few instances 11 days, but usually 14 
days, the guinea pigs were chloroformed and the lower jaws 
quickly dissected out and placed in 8 to 10 per cent formalin. 
A superficial examination of the joints was made in about 
thirty of the animals, but no gross scorbutic changes were 
observed. The abdominal cavities were opened to ascertain 
whether or not any of the females were pregnant. It was 
found that the larger animals (700 gm. or over) always con¬ 
tained a relatively greater deposit of fat around the kidneys 
and genital tracts. In nineteen cases, the adrenals were re¬ 
moved for silver nitrate staining by the technic described 
by Moore and Ray (’32). 
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The weights given are those of the animals just before the 
period of subsistence on the scorbutic diet. A certain degree 
of inaccuracy cannot be avoided here, inasmuch as the ali¬ 
mentary tracts of some animals may have contained more 
material than others; also, most of the smaller guinea pigs 
were growing rapidly during the 2 weeks ’ period, while some 
of the largest ones had a tendency to lose weight. 

Another possible source of error, of which we did not be¬ 
come aware until the experiments were well under way, is 
the variation which some observers have detected in the vita¬ 
min C content of lemon juice. Bennett and Tarbert (’33), 
working in Sicily, using the dichlorophenolindophenol titra¬ 
tion, found orange juice higher and more consistent than 
lemon juice in vitamin C content. This was confirmed by 
Harris and Bay (’33b) in Great Britain, who found that 
orange juice consistently contained 0.6 mg. of ascorbic acid 
per cubic centimeter; the ‘best’ lemon juice equalled this, 
while inferior lemons yielded only 0.4 mg. of ascorbic acid 
per cubic centimeter. In our experiments, begun before the 
above cited papers were published, we decided on the use of 
decitraled lemon juice because it was the international stand¬ 
ard. In the light of recent knowledge, ascorbic acid, rather 
than either orange or lemon juice, would be the ideal material 
to use in an investigation of this sort. 

The sections of the incisor roots were prepared by the De¬ 
partment of Pathology, who have kindly furnished us with 
a description of the method which they developed. In brief, 
it consisted of a double embedding, first in celloidin, followed 
by decalcification with 5 per cent nitric acid, and then in 
paraffin. Sections of 7 u were cut under 60 per cent alcohol 
on a celloidin microtome, and ordinary hematoxylin-eosin 
staining was employed. This method differs from the original 
one of Hojer (’26) and from the modifications described by 
Goettsch and Key (’28) and by Key and Elphick (’31) as 
well as that used in Prof. W. H. Eddy’s laboratory, 8 but the 
slides revealed the changes as described by these investi- 

* Pergonal communication. 
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gators. Diagnosis was made on the 0 to 4 scale of Key and 
Elphick, in which 4 indicates complete protection. The slides 
were evaluated without reference to the other data on the ani¬ 
mals, and in all cases where there was any room for doubt, 
the decision represents the judgment of both authors. 

RESULTS 

A plot of all the data is presented in chart 1. The abscissae 
and ordinates represent vitamin C dosage and body weight, 
respectively; different results are indicated by appropriate 
symbols. The points at which complete protection from scurvy 
occurred—value 4 on the scale used—are represented by solid 
black circles, and are of greatest significance. The light 
circles indicate degree of protection 3, and the triangles 2 or 
less. For the purpose of the present investigation the dis¬ 
tribution of the black circles, representative of complete pro¬ 
tection, is of particular interest. The dotted line has been 
drawn to show how strongly these points indicate a definitely 
linear relationship between the weight of the animal and the 
dose of lemon juice necessary to protect it from scurvy as 
shown by examination of the teeth. 

Tabulation of the limited number of cases which includes the 
heaviest animal protected by each dose (table 1) reveals that, 
with but two exceptions, the protective dose ranges from 0.72 
to 1.22 cc. of lemon juice per 100 gm. of body weight; the aver¬ 
age value for nine different dosages, varying from 1.5 to 9 cc., 
proves to be 0.97 cc. (approximately 1 cc.) per 100 gm. of 
body weight. This result is further supported by considera¬ 
tion of the number of borderline cases in which the dose was 
evidently just below the protective amount, resulting in a 
microscopic section of the incisor root which justified a 
diagnosis of ‘3.’ The reason why we consider it valid to 
ignore the two exceptional cases is that, as may be seen from 
chart 1, in each instance where an unusually big guinea pig 
was protected by a given dose (1 cc. and 3.5 cc.) at least two 
smaller animals failed to be protected by this amount. The 
reason for the exceptions is not apparent. 
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In only two instances were the animals found to be pregnant. 
These cases are too few to suggest any conclusion, except 
that they present no evidence of an appreciable effect of preg¬ 
nancy on the vitamin C requirement. 



LEMON JUICE CD EC I T RATED) - C.C. 


Chart 1 This plat of the body weights of guinea pigs against cubic centimeters 
per day of decitrated lemon juice (1932 International standard for vitamin C) 
indicates the degree of protection afforded against pathological changes in the 
odontoblastic cell layers of the roots of the lower incisor teetln The black circles 
represent complete protection or a value of 4 on a scale of 1 to 4; the open 
circles indicate almost complete protection or a scale value of 3; in the cases 
represented by the triangles the protection afforded is almost nil, the scale values 
being 2 or less. It will be noted that the amount of vitamin C required to secure 
complete protection—black circles—is practically in linear relation to the body 
weight of the animals, and very nearly equal to 1 cc. of the decitrated lemon juice 
per 100 gnu of body weight. 
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With respect to the effect of age on the vitamin C require¬ 
ment, the data suggest that the need of the youngest animals 
in proportion to body weight may be slightly less than that 
of the older groups; the observed difference is so small, how¬ 
ever, that it may not be significant. At any rate, it is quite 
definitely apparent that there is no evidence of any added 
requirement because of the more rapid growth of the guinea 
pigs weighing less than 250 gm. 


TABLE X 

Largest guinea pig protected by any given dose 


PQ8B ] 

WEIGHT 

no SB 

CC. 

I 

pm. 

cc. per 100 pm. 

1.0 

' 227* 


1.5 

| 209 ! 

0,72 

2.o ; 

; 237 

0.84 

2.5 

252 

0.99 

3.0 

| 245 

1.22 

3.5 

! 652* 

i 

4.0 

373 

1.07 

4.5 

| 589 

0.76 

7.0 

048 

1.08 

8.5 

| 935 

0.91 

9.0 

805 

1.11 


1 These cases are anomalous because at least two smaller pigs were not protected 
by the same dose. 


In the animals studied in the winter of 1933-1934, the 
adrenals were stained with 0.4 per cent silver nitrate and 
evaluated on a purely qualitative basis. This was done in four 
groups of guinea pigs, containing from four to nine individuals 
in each group; as each group was sacrificed, the adrenals of 
all the members were stained for exactly 15 minutes each, and 
arranged in the order of intensity of the dark color. Con¬ 
siderable variation was observed. After the tooth slides were 
ready, this order was compared with the diagnosis and also 
with the dosage. It happened that in each group there was 
only one animal which was rated ‘4’ on the Key and Elphick 
scale, and in every instance this turned out to be the one whose 
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adrenals had stained most deeply, and also to be the one which 
had received the largest dose of lemon juice in proportion to 
its body weight. This result is in accord with what might 
have been expected from the work of Moore and Bay (’32). 
However, in the cases of the animals not completely protected, 
little or no correlation between the intensity of staining and 
the degree of protection could be discovered. This observa¬ 
tion substantiates the later work from the same laboratory 
(Harris and Bay, ’33 a) as well as the earlier statement of 
Gough and Zilva (’33), that the failure of adrenal tissue to 
stain deeply with silver nitrate cannot be relied on as a test 
for the absence of vitamin C. 

DISCUSSION 

The data here reported seem to warrant the statement that 
the amount of vitamin C needed to protect a guinea pig from 
changes in the microscopic structure of the incisor roots is 
proportional to its body weight over a range of 120 to 1000 
gm. To assert further that the vitamin C requirement of the 
whole body is proportional to body weight in this species obvi¬ 
ously involves the assumption that the tooth changes furnish 
a reliable index of early vitamin C deficiency of the entire 
organism. The validity of this assumption seems to be un¬ 
questioned by those who have used this method. Neverthe¬ 
less, it might be argued that the odontoblasts, the dentine¬ 
forming cells which respond most conspicuously to diminished 
supply of vitamin C, might have a requirement for this dietary 
factor different from that of cells elsewhere in the body, be¬ 
cause they are concerned in the growth of a structure which 
progresses throughout life. Dalldorf and Zall (’30) have 
shown that the normal rate of growth of a guinea pig’s in¬ 
cisors is continuous, and is only slightly less in animals of 
110 gm. body weight than in those weighing 600 gm. How¬ 
ever, since the rate is practically independent of body size, 
one would expect that if the odontoblasts have any peculiar 
vitamin C requirement, this would also be independent of 
body size. The very fact that we have shown the requirement 
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for normal tooth structure to vary directly with body size 
seems conclusive evidence that deviation from the normal in 
this respect is indeed an index of the entire body’s deficiency. 

If, then, we are justified in asserting that the direct ratio 
between dosage and body size is valid, the relationship can 
be expressed by the simple formula: 

VITAMIN „„ = K. WEIGHT 

Because of the units used to express the two variables in the 
present work, namely, cubic centimeters of decitrated lemon 
juice and 100 gm. body weight, the value of K happens to be 
unity. It is obvious that the value would be much less if 
ascorbic acid were used for the assay instead of lemon juice. 
Harris and Ray (’33 b) state that, with respect to ascorbic 
acid, “the minimum dose for full tooth protection (under the 
conditions of the test) is 2 mg.” In discussing the variable 
potency of lemon juice, these authors also report that 1 cc. 
of ‘good’ lemon juice is equivalent to 0.6 to 0.7 mg. of ascorbic 
acid. Using these data, it appears from our findings that the 
guinea pig requires about 0.6 to 0.7 mg. of ascorbic acid per 
100 gm. body weight per day. For animals of the size com¬ 
monly used in vitamin C assay, namely, 250 to 350 gm. weight, 
the daily minimum of ascorbic acid would be from 1.5 to 2.1 
mg. The higher figure, taken as the safer minimum to use, 
agrees very well with the minimum as stated by Harris and 
Ray, namely, 2 mg. Our results expressed in the 1932 Inter¬ 
national Vitamin C units based on decitrated lemon juice, 
indicate that the guinea pig requires 10 International units per 
100 gm. body weight per day; based on the 1934 International 
Vitamin C unit of 0.05 mg. ascorbic acid, 4 the requirement 
would be 12 to 14 units per 100 gm. body weight. 

The relationship between the requirement for vitamin C 
and body weight in the one species studied is much simpler 
than that found by Cowgill and co-workers (’32) for vitamin 
B, expressed by the formula: 

VITAMIN „„ = K.. WEIGHT 1 

4 Personal communication from Dr. E. M. Nelson, of the Bureau of Chemistry 
and Soils, United States Department of Agriculture, Washington, D. C. 
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in which the value of K s is peculiar to the species. This 
expression was found valid for pigeons, rats and dogs. The 

term WEIGHT* can be considered as equivalent to WEIGHT 
X WEIGHT 8 , and in interpreting this with respect to the 
vitamin B requirement of several different species, Cowgill 
concluded that “the vitamin requirement per unit of mass, i.e., 
weight, is proportional to the metabolism of that mass, that 
is, the two-thirds power of the weight.” 

The difference between the two formulas cited above merits 
some discussion. In the case of the expression pertaining 
to vitamin B, where the five-thirds power is the function of 
the body weight of interest, the formula was interpreted to 
indicate that not only mass (three-thirds power of the weight), 
but rate of metabolism (two-thirds power of the weight) as 
well, is an important determinant of the vitamin requirement. 
The absence of this latter factor from the vitamin C formula 
suggests that rate of metabolism does not play a role in deter¬ 
mining the need for ascorbic acid. Against this view one may 
mention the fact that vitamin C is not merely an inactive 
component of certain tissues, but must be involved in meta¬ 
bolic transformations resulting in its destruction or inactiva¬ 
tion because it is necessary to supply the vitamin frequently 
in order to obviate the onset of deficiency symptoms. If one 
wishes to adopt the suggestion of Wolbach and Howe (’26) 
and think of each vitamin as playing some important role in 
the functioning of a particular tissue, one would doubtless 
relate vitamin C to connective tissue, which has a relatively 
low rate of energy exchange in comparison with other tissues 
of the body; and on this latter fact one might base an explana¬ 
tion of the finding that rate of metabolism seems to play no 
role in determining the vitamin C requirement. In all prob¬ 
ability the rate of metabolism exerts some influence on the 
need for vitamin C, but one which is extremely small in 
comparison with its effect on the vitamin B requirement, and 
therefore not appearing as a significant variable in the de¬ 
rived formula. It would be of interest to determine the effect 
of administration of thyroid tissue or of thyroxin on the re- 
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quirement for vitamin C. The results of such studies should 
contribute much in relation to this question. 

Our findings with reference to the guinea pig seem to be at 
variance with those of Falk, Gedda and Gothlin (’32-’33), who 
report that the child needs two to three times as much vitamin 
C in proportion to body weight as the adult human being. In 
this connection it is pertinent to point out, first, that their 
criterion of vitamin C deficiency consists in testing the 
strength of skin capillaries, and is therefore very different 
from ours, which is based on a study of the condition of the 
roots of the incisor teeth; and, second, that the two sets of 
observations were made on different species. It is possible 
that a species difference exists, especially in view of the fact 
that growth in the human being, up to the age of puberty, is 
enormously slower than in the guinea pig and other animals. 
This difference is beautifully illustrated by the growth charts 
of Brody (’27). We might also point out that the conditions 
of our experiments were not framed to deal critically with the 
growth factor. Until experiments on guinea pigs especially 
aimed at elucidation of the effect of growth per se on the 
vitamin C requirement have been performed, we do not feel 
justified in drawing conclusions with respect to this point. 

We wish to thank Dr. Marianne Goettsch for suggestions 
relating to the preparation of the microscopic sections of the 
incisor roots and for lending us a set of standard slides. We 
also wish to express our appreciation of personal communica¬ 
tions received in response to our inquiries from Dr. Kathleen 
M. Key, and from Dr. Celia Gurin, of Dr. W. H. Eddy’s 
laboratory, which were helpful in formulating our plan of 
procedure in this investigation. 

SUMMARY AND CONCLUSIONS 

The vitamin C requirement was determined for eighty 
guinea pigs weighing between 120 and 1040 gm. Each animal, 
■while subsisting for 2 weeks on a scorbutic diet, was given a 
daily dose of decitrated lemon juice varying, for different 
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individuals, from 0 to 2.2 cc. per 100 gm. of body weight, but 
mainly in the range of 0.5 to 1.5 cc. per 100 gm. The animals 
were chloroformed and the degree of protection from scurvy, 
as indicated by the microscopic structure of the roots of the 
incisor teeth, was evaluated by Key and Elphick’s scale, 
adapted from the Hojer method. 

The results indicate that the vitamin C requirement of the 
guinea pig is directly proportional to the body weight, and is 
almost exactly 1 cc. of lemon juice per 100 gm. This confirms 
the observations of Goettsch and Key, Eddy and other in¬ 
vestigators, for guinea pigs of about 300 gm. of body weight, 
and applies to a much wider range of body size. 

There is no evidence from these data that the young, rapidly 
growing guinea pig requires a proportionately greater amount 
of this dietary factor than the adult. This conclusion differs 
from that of Gothlin and his co-workers with respect to the 
human requirement, and may be due to a species difference. 

Silver nitrate staining of the adrenals was found to be of 
only slight value as a criterion of the degree of protection 
from scurvy, as compared to the more accurate technic based 
on the changes in the roots of the incisors. 

The role of the metabolic rate, which in the case of vitamin 
B has been found to be of equal importance to body weight as 
a determinant of the requirement of various species for the 
vitamin, appears insignificantly small so far as vitamin C is 
concerned. 
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INTRODUCTION 

In spite of the tendency in times past for pediatricians to 
emphasize the advantages of the high degree of assimilability 
of certain carbohydrates, such as sucrose, maltose and glucose, 
and to discourage the use of lactose in infant feeding, it has, 
more recently, been generally recognized that lactose has 
several uniquely characteristic properties that, at least for 
certain nutritional purposes, are of definite value. The 
authority on which lactose was to some extent discarded in 
favor of other sugars was derived from very meager clinical 
evidence and from unjustified interpretations of results of 
evidently sound experimentation. Even the pertinence of the 
fact that the solids of human milk contain 50 per cent lactose 
seems to have been frequently disregarded in considerations 
of synthetic diets for infants. This whole question has been 
discussed by Jarvis (’30), who was one of several to reinvesti¬ 
gate the effects of lactose in infant feeding. 

Jarvis (’30) concluded from work with infants and from 
related experiments with rats that “age-weight for age- 
weight, the lactose-fed infant possesses more living tissue than 
does the infant fed on vegetable sugar/’ Barenberg and 
Abramson (’30) carried out similar work, using as much as 
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15 per cent of lactose in the ration, and found that infants 
receiving milk sugar responded with a better rate of growth 
than did the control group. Ariyama and Takahasi (’29) 
found that, in spite of the comparatively small coefficient of 
absorption of lactose observed by them, it had more effect on 
the growth of rats than sugars having greater absorption 
coefficients, especially in the early part of the feeding period. 
Mitchell (’27), feeding rats on rations containing 60 per cent 
of each of five common carbohydrates, respectively, found 
growth to be the poorest on lactose on account of lower 
digestibility and resulting diarrhea. Bergeim (’26) and 
several other investigators (Gross, ’27; Robinson et al., ’29), 
more recently, have shown that lactose feeding causes con¬ 
siderable increases in the amounts of calcium and phosphorus 
absorbed. 

With the purpose of verifying some of these results on the 
effect of lactose feeding on the growth of young animals and 
of determining whether lactose has any significant effect on 
the body weights of adult animals and on longevity, feeding 
experiments with rats and pigs were carried out at the Belts- 
ville, Md., laboratories of these bureaus. 1 Comparisons were 
made of body composition of animals fed lactose with that of 
animals fed other carbohydrates. 

DESCBIPTION or EXPERIMENTS 

Three groups of rats were used in this work. Group I con¬ 
sisted of fourteen pairs used for the comparison of the effects 
of lactose and sucrose on growth and longevity and nine pairs 
used for the comparison of the effects of lactose and dextrin. 
Each pair consisted of litter mates of the same sex, but dif¬ 
ferent ages. Up to the time of being placed on the experi¬ 
ment, the rats had received the stock ration of the breeding 
colony. From then on they were fed ad libitum either the 

1 8. 8. Buckley (since deceased) and Paul E. Howe, Bureau of Animal Industry, 
planned the details of the work with pigs. Charles Hufnagel, Bureau of Dairy 
Industry, was in charge of feeding the rats. P. N. Peter (since deceased), & P. 
Gould and L. A. Shinn, Bureau of Dairy Industry, did the analyses on the rats. 
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lactose ration, the sucrose ration, or the dextrin ration, as 
listed in table 1. The lactose used was a commercial product, 
containing, presumably, all the vitamins usually present in 
this grade of lactose. Figure 1 shows the average changes in 
weight with age of each sex group on lactose and on sucrose. 
Figure 2 shows similar data up to 180 days of age for the rats 
paired on lactose and dextrin. 

Several pairs of rats on the sucrose-lactose comparison were 
killed at 132 to 159 days of age and were analyzed. Results 


TABLE 1 

Composition of the rations fed to rats in the different groups 
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•Osborne and Mendel. 

•Northwestern Yeast Company (Chicago), 4 Yeast Foam Tablets Powder.’ 


of these analyses are given in table 2. Nine pairs were con¬ 
tinued on the sucrose and lactose rations to obtain data on 
the relative effects of these sugars on the span of life. Lon¬ 
gevity data are given in table 3. In only a few cases was it 
possible to determine by post-mortem examination a definite 
pathological cause of death. Pneumonic indications, lung 
abscess, enlarged spleen, tumor, and paralysis were observed, 
but none of these was consistently the immediate cause of 
death. 

Group II consisted of ten pairs, each pair being litter mates 
of the same age. This group was started on the experiment 
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Fig. 1 Growth of rats fed ad libitum on rations I (lactose) and II (sucrose). 
Breaks in the curves occur, because some of the rats were killed for analysis during 
the feeding period. 
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Fig. 2 Growth of rats fed ad libitum on rations I (lactose) and III (dextrin) 








TABLE 2 

Analyses of four pairs of rats in group 1 , killed at 188 to 169 days of age 
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1 Age when killed: pair 1,132 days; pair 6,150 days; pair 7,159 days; and pair 11,146 days. 


TABLE 3 


Span of life of rats on lactose and sucrose rations 
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a year later than group I. Sucrose and lactose rations of the 
same composition as before were used, but each rat was kept 
in a separate cage and members of each pair, being allowed 
as much food as the less avid member would eat, consumed 
practically the same quantity. The rats of this group were 
started on the experiment at weaning. Weight changes are 
shown in figure 3, and data on life span for this group are in 



Fig. 3 Growth of rats on rations I (lactose) and II (sucrose), members of 
each pair were fed the same quantity. 

table 3. Post-mortem examinations revealed nothing signifi¬ 
cant. Two pairs of rats in group II were killed and analyzed, 
the results being given in table 4. 

Group III, consisting of twelve rats, was used to determine 
the effects of larger proportions of sucrose and of lactose in 
the rations—45 and 63.5 per cent. The results are shown in 
figures 4 and 5, the rations used being listed in table 1. The 
rats tolerated the large amounts of sucrose very well, but all 
of the rats on the high lactose rations developed diarrhea 
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and did not gain weight satisfactorily for about 3 weeks. At 
the end of that time, however, they recovered from the diar¬ 
rhea and began good gains, in spite of the fact that they were 
consuming the large amounts of lactose. In a short time, the 


TABLE 4 

Analyses of two pairs of rats in grovp II, killed at 774 days of age 
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Fig. 4 Growth of female rats on rations IV (45 per cent lactose), V (45 per 
cent sucrose), VI (63.5 per cent lactose), and VII (63.5 per cent sucrose). 
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rats receiving the 45 per cent lactose ration attained practi¬ 
cally the same weights as their partners on the same percent¬ 
age of sucrose. The rats receiving the 63.5 per cent lactose 
ration were slower in overtaking their mates. 

In the experiments with pigs, the rations listed in table 5 
were used. The salt mixture contained 50.00 per cent lime- 



Fig. 5 Growth of male rats on rations IV (45 per cent lactose) and VI 
(63.5 per cent lactose). 


TABLE 5 

Composition of rations fed to pigs 
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stone, 27.97 per cent steamed bone meal, 20.00 per cent NaCl, 
2.00 per cent Fe 2 Oa,0.01 per cent CuS0 4> and 0.02 per cent KI. 

Twelve pigs were fed in four groups of three each, each pig 
of a group having a different ration and being fed separately. 
The pigs were allowed as much of the ration as the least avid 
member of each triplet would consume. The first week, the 
sugar rations contained 10 per cent sugar and 70 per cent 
brewers’ rice; the second and third weeks, 20 per cent sugar 
and 60 per cent brewers ’ rice was fed; thereafter, the rations 
were fed as listed in the table. The total feeding period was 
25 weeks, from February 9,1932, to August 8,1932. The pigs 
were weighed at the beginning of the experimental feeding; 
at the end they were weighed, slaughtered, and the edible por¬ 
tions of the carcasses analyzed. The results are tabulated 
in table 6. 

DISCUSSION 

During the period when the rats of groups I and II were 
very young, those that were fed lactose increased in weight 
much faster than their mates on the sucrose ration. After 
attaining what may be called adult age, the sucrose-fed rats 
of group I became heavier than their lactose-fed partners and 
remained considerably heavier on the average for the re¬ 
mainder of their lives. In group II there was a slight tendency 
for the adult sucrose-fed rats to be heavier than the lactose- 
fed rats, but the differences on the controlled feeding basis 
were less than those on the ad libitum feeding of group I. 
This is readily explainable, since the sucrose-fed rats of 
group I evidently consumed much more feed than their lactose- 
fed mates, probably because of difference in palatability, 
lactose being only about one-sixth as sweet as sucrose 
(Biester et al., ’25). 

Dextrin parallels sucrose rather than lactose in its effects, 
when fed in moderate amounts, thus indicating that supplying 
carbohydrate to the lower intestine for stimulation of acido¬ 
philic organisms is probably not the factor causing the differ¬ 
entiation in the effects of lactose and sucrose. 



TABLE 6 

Growth and composition of pigs fed sucrose and lactose rations 
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The data of table 2 show clearly that the differences in 
weight of adult rats fed ad libitum on the lactose and the 
sucrose rations are accounted for practically entirely by dif¬ 
ferences in the amounts of fat present in their bodies. Defi¬ 
nitely more fat is present in the bodies of sucrose-fed females 
in this group even when their body weights are no greater 
than those of their lactose-fed partners. These results have 
been confirmed by the previously mentioned work with pigs. 
Of interest in this connection is an observation of Kotchneff 
(’24) that lactose is almost entirely retained by the liver 
as glycogen. 

As shown by table 3, the sucrose-fed rats of group I died 
sooner than their mates in seven comparisons out of nine. 
The same tendency was manifest in group II. We do not 
suggest any explanation of these observations on longevity. 

The results of feeding the 45 and the 63.5 per cent sugar 
rations point to the reason for Mitchell’s findings (’27) that 
growth on a lactose ration is comparatively poor. After the 
period of adaptation, during which the diarrheal condition 
and slow rate of growth were the most evident features of 
the lactose feeding, our rats not only grew satisfactorily but 
practically overtook the sucrose-fed rats, which had not been 
retarded by intestinal disturbances. 

Results of the experiments with pigs show that neither 
the sucrose nor the lactose ration was as suitable for pigs 
as was the control. The fat percentages of the carcasses of 
the hogs fed the sucrose ration were considerably greater 
than those of the other two lots, this fact substantiating the 
results on rats in this particular. The firmness grades and 
the values of refractive index of the fat show that the flesh 
of the sucrose-fed hogs was softer than that of the hogs on 
either of the other rations. 
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SUMMARY 

Lactose caused more rapid growth of young rats than did 
sucrose. 

Adult rats became heavier on a sucrose ration than on a 
laetose ration when fed ad libitum, a difference attributed 
to greater accumulation of fat in the bodies of the sucrose* 
fed rats. 

Pigs fed sucrose accumulated a greater proportion of fat 
than did pigs fed lactose. 

The characteristic results obtained on rate of growth on 
lactose rations are evidently not to be explained on the basis 
of stimulation of acidophilic organisms in the lower intestine, 
since dextrin has not the same influence on growth as has 
laetose. 

Lactose-fed rats, in general, lived longer than sucrose-fed 
rats. 

Feeding of excessive quantities of lactose to rats caused 
diarrheal conditions and retardation of growth for a short 
time, after which the disadvantage was practically overcome. 

It is suggested that these results may be directly applicable 
to human nutrition. 
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BLINDNESS IN CATTLE ASSOCIATED WITH A CON¬ 
STRICTION OF THE OPTIC NERVE AND PROB¬ 
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During the }ms1 12 years the Dairy Section of the Michigan 
Agricultural Experiment Station lias observed twenty-four 
cases of blindness in dairy animals used in experiments to 
study the dietary factors carried by good quality hay. This 
particular type of blindness is present in cahes- -apparently 
developing during the intra-uterine period—whose dams re¬ 
ceived rations with a poor quality roughage. The blindness 
may also develop in young growing dairy animals if they 
receive a ration containing roughage of poor quality. 

This particular type of blindness is characterized by a 
dilated pupil oven on exposure to bright sunlight and by the 
absence of inflammation of the external structure of the eye. 
Li cases following birth, this type of blindness is frequently 
associated with partial paralysis, especially of the front 
quarters, weakness, a peculiar position of the head and some¬ 
times spasms, as shown in figure 1. In young growing ani¬ 
mals it is associated with stiffness, poor condition, and 
occasional spasms. There is no known therapy which will 
restore the eye sight in this type of blindness either in calves 
blind at birth or in young growing animals. This condition 
is closely associated with poor reproduction as first reported 

1 .Journal article no. IDO <u.h.), Michigan Agricultural Kxporimunt Station. 
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by Hart and co-workers (’ll, ’17, ’20 and ’24) when the dam’s 
ration consisted of the oat plant, the wheat plant or a mixture 
of oat, wheat and corn plants. 

In 1926, the blindness in cattle at this station was found to 
be due to atrophy of the optic nerve at a point where it passed 
through the optic foramen from the brain. Sectioning the 
nerve and its bony canal in 1933 showed that the constriction 
could be due to narrowing of the bony canal. 

Cases of blindness in calves and young growing dairy ani¬ 
mals have been reported by several investigators. Reed, 
Huffman and Addington (’28) reported blindness in calves 
and showed photomicrographs illustrating a degeneration of 



Fig. 1 Blind calf of C 200, showing paralysis of front quarters. 

the optic nerve. Huffman (’28) also reported blindness in 
calves w r hen the dams received wheat straw 7 as roughage. The 
animals considered in the two above mentioned reports are 
also included in this discussion. Other reports of blindness 
w'hich may be related to the blindness described in this paper 
are recorded by Halverson and Sherwood (’30), Converse and 
Meigs (’32), du Toil, Malan and Groenewald (’34), Hart and 
co-workers (’24), Datia (’33) and Crocker (’19). Hart and 
Guilbert (’33) apparently described what is undoubtedly the 
true vitamin A type of blindness and which is different from 
the type of blindness reported in this paper. Likewise, Jones, 
Eckles and Palmer (’26) and Mead and Regan (’31) appar¬ 
ently described the true vitamin A type of blindness. De 


BLINDNESS IN CATTLE 


535 


Schweinitz (’31) and Do Schweinitz and De Long (’34) de¬ 
scribed a type of blindness due to papilledema (choked disc) 
which they believe may be an inherited characteristic. It is 
sometimes difficult to tell from the descriptions in the litera¬ 
ture whether the type of blindness is primarily the vitamin A 
type, characterized by an inflammation of the external eye 
structures, or is the type of blindness reported in this paper 
in which there is no evidence of inflammation, but which may 
or may not be due to vitamin A deficiency. 

The purpose of this paper is to report data and describe 
a type of blindness somewhat different from the true vita¬ 
min A ophthalmia. 


EXPERIMENTAL 

In 1922, work was begun at this station to study the dietary 
factors carried by good quality hay. This was done by feed¬ 
ing various types of concentrate rations with poor quality 
roughages and using various supplements. In this report, 
whenever wheat straw, hay or silage was not fed, the roughage 
consisted of wood shavings. 

All animals were placed on their respective rations at from 
3 to (i months of age. The animals were turned outside during 
the day to exercise, except during inclement weather, unless 
otherwise noted. When the animals were kept away from 
sunlight they were usually turned out at night for exercise. 
No. 2 yellow corn was used in all rations containing corn. 
Iodized salt was fed. The cod liver oil used was a good grade 
of medicinal oil. The viosterol used was 250D. All animals 
received water, except when considerable milk was fed. 

Accurate daily records were kept of food consumption and 
of any abnormalities which occurred. Blindness in calves was 
determined following birth by noting the reaction of the pupil 
of the eves to bright light from the sun or a flash light. 
Blindness would first be noticed in young growing dairy ani¬ 
mals when they started bumping into objects when they were 
removed from the stalls to the exercise lot. 

Data pertaining to the animals are shown in tables 1 to 5, 
inclusive. 
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RESULTS 

When the dams of the calves received a ration consisting 
principally of a grain mixture containing large amounts of 
corn, corn silage and wheat straw as roughage (table 1), 
considerable blindness and poor reproduction resulted. This 
ration should contain fair amounts of vitamin I), but it is low 
in calcium. 

Six definitely blind calves were born from dams on the above 
ration. Four other calves were dead at delivery and one 
other calf died before it could be determined whether it was 
blind. Of the blind calves, the optic nerves of 0 35’s second 
calf and C 46’s first calf were examined and showed changes. 
The optic nerves of 0 50’s first calf were also examined, but 
they were apparently normal. 

Seven strong calves were born. In five of the seven cases of 
strong calves, their dams, 0 46 and 0 50, consumed much more 
silage during the succeeding gestation periods than during 
the first. In the other two cases the dams’ rations were 
changed from wheat straw to timothy hay and they also 
consumed much more silage than during the first two gesta¬ 
tion periods in which blind calves were produced. 

The addition of 100 cc. of cod liver oil per week to the 
ration of animal 200 during the last 3A months of gestation 
did not prevent the development of blindness in the calf. It 
is possible that the effects upon the fetus had developed before 
the cod liver oil was added to the ration or that the cod liver 
oil purchased in 1924 may not have been as rich in the vita¬ 
mins, as that obtainable today. 

When the ration of the dams consisted principally of rolled 
oats and oat hay, three blind calves were produced, as shown 
in table 2. This ration was low in calcium and in vitamin 1), 
because the oat hay was cured in the dark, but it probably 
contained some vitamin A as the hay was green and leafy. 

Although O l’s calf was blind, it was able to stand up and 
was apparently in healthy condition when sold for veal at 
39 days of age. 0 6’s first calf was blind and paralyzed. 
At autopsy the optic nerves showed atrophy, as shown in 
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Data pertaining to calves whose dams recti red a ration consisting principally of grain, corn silage and wheat straw 
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figure 2. 0 6 was able to produce a normal calf, however, 
when the above ration was supplemented with 20 cc. of cod 
liver oil per day. This animal also produced a normal calf 
when she received a grain ration supplemented with 20 cc. 
of cod liver oil per day. 0 8 received a ration of rolled oats 
and oat. hay during her first gestation period and gave birth 
to a blind and weak calf. During the second gestation period 
0 8 received a grain mixture supplemented with 20 to 50 cc. 
of cod liver oil per day and gave birth to a normal healthy 
calf. These two cases furnish some evidence that cod liver 



Pig. 2 Constriction of tlie optic nerve of () 0’s first calf. 


oil carries the factor or factors necessary to prevent this 
type of blindness. 

When the dam’s ration consisted principally of skim milk, 
corn and oats, as shown iu table 3, one blind and one paralyzed 
calf were produced. C 75 produced a normal calf when she 
received the above ration supplemented with a 20 to 50 cc. 
of cod liver oil per day. Her second calf, however, was blind 
and paralyzed, although she received 50 cc. oi cod liver oil 
per day during the first month of gestation. After the first 
month of gestation (' 75 was kept away from sunlight. At 
autopsy the optic nerves of C 75’s second calf were found 
to be severely atrophied. (• 83 received a ration consisting 
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of cottonseed meal, wheat straw and HO ec. of cod liver oil 
per day during her first gestation period. Her first calf was 
normal. During the first 6 weeks of C 83 ’s second gestation 
she was on pasture, after which time she was kept away 
from sunlight, but was irradiated with a quartz mercury lamp 
for 15 minutes per day and received a ration consisting of 
skim milk, corn and oats during the rest of the period. Her 
second calf was also normal. During 0 83’s third gestation, 
she received the same ration and treatment as that received 
after the first 6 weeks of the second gestation period. The 
third calf, however, was paralyzed at birth and died before 
it could be determined whether or not it was blind. The optic 
nerves showed marked atrophy upon sectioning. The blood 
calcium and inorganic phosphorus values were markedly re¬ 
duced during the last (i weeks of gestation. 

The ration of the dams shown in table 4 consisted princi¬ 
pally of a grain mixture with various supplements. This 
ration contained considerable vitamin A in the form of yellow 
corn and corn gluten meal. It also had an optimum calcium 
to phosphorus ratio, but it was low in vitamin 1), except when 
this was supplied in various forms and amounts, as shown 
in the table. All of the calves produced were either blind 
or dead at delivery, with the exception of C 372’s calf which 
was probably killed during delivery. The optic nerves of 
this calf, however, showed the characteristic degeneration. 
All of the blind calves in this series showed the characteristic 
atrophy of the optic nerves. From sections of the nerves 
of the calves of t 1 108 and (■ .118 it was evident that the atrophy 
could be due to bone pressure. A cross section of the nerve 
within the bony canal of 0 118’s calf compared with a similar 
cross section from a normal calf at birth is shown in figures 
3 and 4. Figure 5 shows a longitudinal section of the nerve 
of 0 108’s calf. 

The sections were made by decalcifying the bone tissue and 
removing representative sections every 500 a along the nerve 
where it passed through the bony canal. It is of interest 
to observe that the diameter of that portion of the bony canal 
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pounds oats 

pounds yellow corn gluten meal 
.5 pounds linseed oil meal 
pound calcium carbonate 
.5 pound sodium chloride 
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«K.3 <*• oss station of the optic nerve and bony canal of a normal calf 
at birth. X 1<». 



Fig. 4 (Voss section of the optic nerve and bony canal of 0 118’s calf. 
Note difference in diameter of bony canal compared with the normal. X lb. 
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through which the nerve passed was only about one-half the 
normal diameter, as shown in figures 3 and 4. It can also be 
seen that the nerve is almost completely degenerated, and 



Fig. o Longitudinal section of tin* optic nerve and lionv canal of 0 108 ’h 
calf. X 10. 



Fig. (i Constriction of the optic nerve of 0 91. 


that, the connective tissue surrounding the nerve and its 
accompanying nerves and blood vessels is considerably more 
dense than the normal. 
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Various types of rations were used which produced blind¬ 
ness in young growing dairy animals, as shown in table 5. The 
optic nerves of C 43, C 44, (J 80, (■ 93 and C 112 were dissected 
out and showed the characteristic atrophy where they passed 
through the bony canal. Figure 6 shows the typical condition 
of the nerves of C 91. 

Weekl> T or bimonthly blood calcium and inorganic phos¬ 
phorus values were obtained on the dams of all the blind 
calves, except animals 200, 201 and 205. Some blood deter¬ 
minations were also made on a few of the blind calves at the 
time of birth. In many cases plasma chloride, carbon dioxide 
and hemoglobin determinations were made. These data, how¬ 
ever, do not reveal any outstanding abnormalities. Similar 
data were obtained on the young growing dairy animals shown 
in table 5, but the data did not reveal anything which could 
be correlated with the development of blindness in every case. 

DISCUSSION 

The evidence presented indicates that corn silage, timothy 
hay and cod liver oil contain some factor or factors which 
prevents blindness in calves due to constriction of the optic 
nerves. From the cases thus far studied, it is evident that 
when the dams receive a ration with a roughage of poor 
quality, the bliudness in their calves is due to atrophy of the 
nerve at the place where it passes through the bony canal. 
It also seems plausible from the evidence obtained in section¬ 
ing the nerves in the bony canal in three cases, and observing 
the small opening through which the nerve must, pass in other 
cases, that the atrophy could be due to the pressure of the 
bone upon the nerve (fig. 4). It might be argued that the 
nerve first degenerated and that the canal through the bone 
did not enlarge as growth proceeded. It is difficult to con¬ 
ceive, however, that the degeneration of the optic nerve, if 
it were due to causes other than pressure, would always occur 
at the same place. 

Examination of the bones from several cases did not reveal 
any exostosis. The bony canal gave more the appearance 
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of having had pressure applied from above which caused it 
to become smaller as growth proceeded. Due to the position 
of this particular structure, this would be the case if sufficient 
intracranial pressure were developed. The only evidence of 
intracranial pressure was that the animals were often sub¬ 
ject to spasms on the slightest provocation. Furthermore, 
this type of blindness has never been noted to develop after 
the animal had reached a mature age, suggesting that, sufficient 
calcification of the structures had probably taken place to 
resist any pressure. 

Attention is also called to the possibility of a disturbed 
mineral metabolism related to vitamin D and rickets or to 
a low calcium ration. Examination of the blood calcium and 
inorganic phosphorus values did not reveal any correlation 
between blindness, low blood calcium, and inorganic phos¬ 
phorus which would indicate that the animals were not suffer¬ 
ing from rickets. All the animals were turned out to sun¬ 
shine, except where indicated, yet blindness seemed to occur 
in almost any season of the year. When the animals were 
kept inside, they received ultraviolet light, viosterol or cod 
liver oil as a source* of vitamin 1), except in the case of 0 75. 
X-rays of the ribs of many of the animals did not show a 
rachitic condition. The ash and mineral analyses of some 
of the bones were also made, but they did not reveal a rachitic 
condition. Therefore, it would seem doubtful that vitamin 1) 
was directly concerned in the cause of this type of blindness. 
The rations fed to the animals listed in tables 1 and 2 are 
low in calcium, but the rations fed to those listed in table 4 
contained ample calcium. 

Although no direct evidence has been produced, Hart and 
co-workers (’24), Halverson and Sherwood (’.‘10) and (’on- 
verse and Meigs (’32) believe that vitamin A is concerned in 
this problem where they report poor reproduction and blind¬ 
ness on rations with a poor quality of roughage. The type 
of blindness herein reported is not characterized by the ex¬ 
ternal eye lesions associated with vitamin A deficiency, as 
reported by Mead and Regan (’31), Jones, Eckles and Palmer 
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< ’2(5) and Hart and (luilbert (*:«). It scorns doubtful that 
vitamin A could bo concerned with such bone mallormations 
as in the cases reported in this paper, but such an explana¬ 
tion might be plausible if the absence oi vitamin A, in some 
indirect way, raised the intracranial pressure. Most ol the 
rations used contained variable amounts of vitamin A from 
yellow corn. The rations shown in table 4 contained ;>() per 
cent yellow corn and 20 per cent gluten meal. Corn gluten 
meal contains considerably more vitamin A than yellow corn. 
Even with Ihe addition of 20 cc. of cod liver oil to the rations 
of C 102 and C 108 blind calves were produced. In every 
case where normal calves were produced on these rations, 
however, vitamin A had been added, so that it cannot be 
definitely ruled out. It is doubtful whether any of the rations 
contained as much vitamin A as is contained in (> pounds of 
good quality alfalfa hay. Work is now in progress in which 
vitamin A in the form of carotene is being added to tin* ration 
in amounts equivalent to the vitamin A content of 10 pounds 
of alfalfa hay. 

The question of storage of the dietary factor or factors 
concerned in this type of blindness must also be considered. 
Two mature cows from the regular dairy herd, not previously 
mentioned in this paper, and pregnant for (i weeks, were 
placed on a ration of skim milk, corn and oats with shavings 
for roughage. These cows had normal calves at the end of 
a proper gestation period. (’ 82 (table 2) apparently received 
a sufficient amount of the factor or factors from (i weeks on 
pasture at the beginning of the second gestation period to 
produce a normal calf. 

This type ol blindness is usually associated with poor re¬ 
production, such as weak premature calves and frequently 
retained placentas. The calves were usually paralyzed in the 
front quarters, were too weak to suckle and sometimes ex¬ 
hibited spasms. The blindness may not always be associated 
with poor reproduction. However, 0 Us, (’ 108’s and C 25’s 
first calves were fairly strong and active, although they were 
carried only 270, 207 and 258 days, respectively. 
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The blindness, whether it is present in the calf following 
birth or in the young growing dairy animal, appears to be 
due to identical factors, since in both cases there is a con¬ 
striction of the optic nerve at the place where it passes through 
the bony canal. This type of blindness is more easily pro¬ 
duced in calves during the intra-uterine period than in young 
growing dairy animals. It can be produced regularly in 
calves in utero provided the storage of the factor or factors 
is exhausted before gestation sets in, but it cannot be produced 
regularly in young growing dairy animals. Probably with 
more information concerning the factors involved, it can be 
produced with more regularity in young growing animals. 

De Schweinitz (’31) and De Schweinitz and De Long (’34) 
report some excellent work on blindness in Guernsey calves 
apparently due to papilledema. Evidently they have not 
observed cases of constriction of the optic nerves as reported 
in this paper. They do discuss blindness, reported by others, 
due to atrophy of the optic nerve, which is apparently identi¬ 
cal with the type of blindness reported in this paper, and 
show a photograph (fig. 16 in their last paper). The type 
of blindness which they have noted may be a different stage 
of the type herein reported. De Schweinitz indicated the 
possibility that the blindness observed in his cases may be 
inherited. In the work reported in this paper all of the cases 
have been produced in Holstein calves and we have never 
noticed blindness in the herd unless roughage was a limiting 
factor. Furthermore, this type of blindness is associated with 
paralysis and weakness at birth and poor reproduction, which 
De Schweinitz has apparently not noted in his cases. 

Crocker (’19) described what is apparently the same type 
of blindness reported in this paper. He reported that the 
bone grew in such a manner as to stenose the canal and pressed 
the optic nerve within it. 

The symptoms of cottonseed meal injury in cattle appear 
to be identical with the symptoms associated with this type 
of blindness. There is also the possibility that the curative 
factor or factors are identical. The evidence presented in 
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this paper indicates that a deficiency of vitamin A in the 
ration may not be the causative factor involved in cottonseed 
meal injury. 

The authors have not observed blindness among calves under 
farm conditions. There is a possibility, however, during years 
of hay shortage, that cattle may suffer due to a lack of the 
factor or factors carried by hay which are necessary for good 
reproduction and health. 

SUMMARY AND CONCLUSIONS 

1. Twenty-four cases of a nutritional type of blindness have 
been described which are apparently different from the true 
vitamin A type of blindness. 

2. The blindness is observed in calves following birth and 
in young growing dairy animals when a ration containing poor 
quality roughage has been fed. 

3. It is characterized by a dilated pupil and by the absence 
of inflammation of the external structures of the eye. 

4. It is frequently associated with paralysis, weakness, 
spasms and poor reproduction denoted by premature births 
and retained placentas. 

5. The blindness is due to atrophy of the optic nerve where 
it passes through the optic foramen, apparently because of 
bone pressure. 

6. A deficiency of vitamin A may or may not be the cause 
of this type of blindness. 

7. The evidence indicates that vitamin I) is not the major 
factor in this type of blindness as the blood picture is not 
significantly different, from normal. 

8. The evidence further indicates that a deficiency of calcium 
is not directly concerned in this type of blindness. 

9. Corn silage, timothy hay and cod liver oil contain the 
factor or factors necessary to prevent this type of blindness. 

The authors wish to express their indebtedness to Dr. E. T. 
Hallman, of the Department of Animal Pathology, for use 
of equipment and interest in the work, and also to Dr. L. B. 
Sholl, of the same department, for performing autopsies. 
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INTESTINAL STASIS IN LOW MINERAL DIETS 

ELIZABETH CHANT ROBERTSON AND M. ELIZABETH DOYLE 
Department of Pediatrics , University of Toronto , and the Hospital for 
Sick Children , Toronto , under the direction of Alan Brown 

FOWL FIGURES 

(Received for publication November 1, 1934) 

In the course of experiments on the resistance of rats fed 
a mineral poor diet to oral infection with a paratyphoid 
bacillus, some of the rats were given carmine in order to 
learn how soon the organisms were excreted. It was noticed 
that the rats passed carmine-colored feces for many days 
and it was thought advisable to investigate this intestinal 
stasis further. 


ANIMALS AND BASAL DIETS 


Litters of albino rats were divided a day or two after wean¬ 
ing into two or more groups. One group was then fed an 
adequate diet, and the other group was given the same diet 
minus the salt mixture and NaCl. The two diets were con¬ 
stituted as follows: 


Adequate d%et 
Per cent 


Mineral deficient 
diet 

Per cent 


Cornstarch 59 64 

Purified casein (treated with dilute acetic 

acid and also hot alcohol) 38 18 

Crisco 30 10 

Cod liver oil 2 2 

Dried brewer’s yeast 6 6 

NaCl 1 

Osborne and Mendel’s salt mixture 4 


The mineral deficient diet was not mineral free, as the 
casein contained some P and Ca, and the yeast contained a 
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total ash of about 5.6 per cent. The Ca, P, Fe and Cu contents 
of the diets were determined and were found to be as follows: 


Elements 

Mineral deficient diet 

Adequate diet 

Ca 

0.0794 gm. per cent 

0.4294 gm. per cent 

P 

0.1176 gm. per cent 

0.3276 gm. per cent 

K 

Not determined (call x) 

x + 0.52 per cent 

Fe 

0.0062 gm. per cent 

0.0252 gm. per cent 

Cu 

A trace 

A trace 


As is shown in figure 1, the rats fed the mineral deficient 
diet grew very slowly, whereas those fed the adequate diet 

bodyWe.ght ^MIC urves °f Rats on Vabious Diets 



increased rapidly in weight. The animals that had been kept 
on the deficient diet for 4 weeks often squeaked a great deal 
when touched, frequently bit anyone who handled them, which 
is very unusual with our normal rats, and sometimes dragged 
their hind legs, although they were still able to move them. 

A few bone ash determinations and x-ray photographs were 
made which showed that the bones of the rats fed the mineral 
poor ration were osteoporotic and low in ash, whereas those 
of the controls were normal. The polycythemia which 
Swanson and Smith (’32) observed in rats fed a diet very 
deficient in minerals was confirmed. 
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Method of administering carmine. After a certain period 
on the diet, usually 4 weeks, the rats were starved for 16 to 
17 hours and then fed by pipette about 6 mg. of carmine in 
0.2 cc. of simple syrup. The same batch of carmine was used 
throughout. The rats were kept in individual wire mesh 
bottomed cages, usually for some time before feeding the car¬ 
mine, and the feces were collected on paper which was placed 
beneath the mesh out of reach of the rats. 

The first collection of feces was made 24 hours after the 
carmine feed and from then on daily. The pellets were ex¬ 
amined in a little water and crushed with forceps, and if the 
distinctive red color was not evident they were shaken up 
with 3 to 4 cc. of water. This suspension sometimes appeared 
pink when no carmine had been seen in the individual pellets. 
If the carmine could not be positively detected by these means, 
the suspensions were examined under the microscope, using 
the high dry lens. Under this magnification the carmine 
showed up very brilliantly as cerise particles with sharp 
corners. When no carmine was found, at least three big drops 
were examined, and the carmine was not considered entirely 
excreted unless two such examinations at 24-hour intervals 
were negative. In a few animals the feces were further ex¬ 
amined for several more days and were found to be free from 
carmine, thus establishing the accuracy of the end point. 

We have found no evidence as yet, either by examining the 
mesentery under the microscope or by cutting open the kid¬ 
neys, that carmine is absorbed from the gut, and the urine 
apparently did not contain any of it. 

Experiment 1. Eight rats were placed on the mineral defi¬ 
cient diet and eight on the adequate diet and after 4 weeks, 
when the former weighed on the average 75 gm. and the latter 
112 gm., the rate of excretion of the carmine was determined. 
The results are shown in figure 2. The carmine appeared 24 
hours after it was administered, and the rats fed the adequate 
diet excreted carmine for from 3 to 7 days, whereas those fed 
the mineral deficient ration showed carmine in their feces 
for from 12 to 21 days. The fecal pellets of those fed the 
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deficient diet at all times contained a lower concentration of 
carmine than those of the animals fed the adequate diet. The 
marked intestinal stasis shown by the rats fed the mineral 
deficient diet has been confirmed in over seventy-five other 
rats. A corresponding number of adequately fed controls 
failed to show the stasis. 

Experiment 2. Three rats were kept on each of the two 
diets for 4 weeks and at the end of this time when those on the 
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Fig. 2 The much slower excretion of carmine by rats fed the mineral deficient 
diet as compared with those fed the adequate diet. 


adequate diet weighed 135,117, and 112 gm., respectively, and 
those on the mineral deficient diet 58, 52 and 47 gm., they 
were fed the carmine. The rats on the adequate diet excreted 
carmine for 3 to 5 days, and those on the mineral deficient 
diet for 10 to 17 days (fig. 3, columns 1, 2, 3 and 7, 8, 9). 

In this experiment the weight of food eaten and of the feces 
excreted daily by each rat during the period in which the 
carmine was being excreted was also determined. The feces 
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were dried for 48 hours on a hot radiator before they were 
weighed. The results are shown in table 1. 

The food intake and the weight of the feces of rat 141 were 
low, because its water bottle did not run properly from the 
third to the fifth day of the test. Despite this fact it eliminated 
the carmine as rapidly as rat 140 which was fed the same diet. 



■ Gp 0$4 Carmine 1..73 Microscopic Carmine 


Fig. 3 The effect of alternating the deficient and the adequate diets on the rate 
of excretion of carmine. 

TABLE 1 


HAT NO. 

DIET 

NUMBER OF 
DAYS CARMINE 
EXCRETED 

! TOTAL FOOD EATEN 
WHILE EXCRETING 
CARMINE 

TOTAL DRIED FECKS 
CONTAINING 
CARMINE 




gm. 

gm. 

140 

Adequate 

5 

51.5 

2.177 

141 

Adequate 

5 

30.9 

1.051 

142 

Adequate 

3 

42.1 

1.205 

143 

Mineral deficient 

10 

68.6 

3.446 

144 

Mineral deficient 

13 

87.8 

1.905 

145 

Mineral deficient 

17 

84.7 

1.807 


The daily food intake of the rats fed the mineral poor 
ration was, as one would expect from their much smaller 
body weights, somewhat less than half of that eaten by the 
rats on the adequate diet. One might guess that it would take 
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the same amount of food to carry away all of the carmine no 
matter what the diet was. Such, however, does not follow 
from this experiment as the rats fed the mineral deficient 
diet had to eat a great deal more food and excrete more feces 
before they got rid of all the carmine than did those fed the 
adequate ration. 

Experiment 3. Effect of alternate deficient and adequate 
diets. Rats 140,141 and 142, which had been fed the adequate 


Rate, of Growth o. Adequate and 
Mineral Deficient Diets m Succession 



diet for 43 days, were placed on the mineral deficient diet, 
and after 34 days on it, when they weighed, after 18 hours’ 
starvation, 159,136 and 137 gm., they were fed carmine again. 
Similarly, the rats which had been fed the mineral deficient 
diet for 52 days were changed to the adequate diet, and after 
25 days on it, when they weighed 171, 163 and 113 gm. 
(starved), they were again fed carmine. All of these rats 
were consequently of approximately the same weight. The 
weight curves of these rats are shown in figure 4. Even after 
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52 days on the deficient diet, during which time very little 
growth occurred, the subsequent feeding of the adequate diet 
led to rapid gains (rats 143,144,145). The rates of excretion 
of the carmine after the diets had been changed are shown 
in columns 4, 5, 6 and 10,11 and 12 of figure 3. Marked stasis 
was shown by the rats, formerly on the adequate diet, which 
had been fed the deficient diet for 5 weeks, and no stasis in 
the rats which had been on the adequate diet for 4 weeks, 
although they had previously shown stasis on the deficient 
diet. Unfortunately, the exact day on which rats 140 and 
142 stopped excreting carmine was not determined. It was 
some time after 12 and 14 days. The results of this experi¬ 
ment rule out the factor of body weight, as the stasis shown 


TABLE 2 
Carmine excretion 


RAT NO. 

ON MINERAL DEFICIENT DIET 

AFTER 7 DAYS ON ADEQU\TE DIET 

Groan 

Microscopic 

Gross 

Microscopic 

j 

Days 

Days 

Daps 

Daps 

17 

8 

10 

3 

7 

18 

1 7 

11 

3 

(> 


by rats 140, 141 and 142 (on mineral deficient diet) was as 
great as usual, although they weighed as much as the ade¬ 
quately fed animals. This experiment also shows that the 
deleterious effects of the mineral poor diet did not perma¬ 
nently injure the rats. 

Experiment 4. The above experiment was repeated in a 
somewhat, modified form. The rate of excretion of carmine 
was determined in two rats which had been fed the mineral 
deficient diet for 5 weeks. After 3 weeks more on the deficient 
diets the rats were given the adequate diet for 1 week and 
carmine was again fed. 

The results of this test in table 2 show that the stasis is 
much improved, although not entirely relieved by 1 week’s 
feeding of the adequate diet. 




560 


E. C. ROBERTSON AND M. E. DOYLE 


Experiment 5. To further test out the effect of body weight 
on the rate of excretion of the pigment, we fed. carmine to 
fifteen young rats which had been on the adequate diet for 
a week and which weighed about as much as rats that had 
been fed the mineral deficient diet for 4 weeks. No macro¬ 
scopic carmine was seen in this lot after 3 days, and in four 
rats it was not evident to the naked eye after only 2 days. 
When the feces were examined through the microscope, car¬ 
mine was usually not found for more than 4 days after the 
carmine feeding. Occasional rats were free after 2 or 3 days, 
and three showed carmine on the fifth or sixth day. In 
other words, small normal rats excrete the carmine as rapidly 
or possibly more rapidly than the large normal animals and 
the slower elimination in the mineral deficient rats of experi¬ 
ment 1 was not due to their small size. These results do not 
correspond with those of Gross (’24), who suggested that 
small rats excreted charcoal more slowly than large rats. 

Experiment 6. As a lack of the vitamin B complex causes 
intestinal stasis, it was thought that possibly the rats fed the 
mineral deficient diet were not able to utilize this vitamin, 
which was given as 6 per cent dried yeast, as well as the 
adequately fed controls. Therefore, 66 mg. of a vitamin B 
concentrate made from yeast and wheat germ was fed to the 
rats in addition to the usual mineral deficient and adequate 
diets. This amount of concentrate should contain, according 
to the manufacturers, 1 twice as much vitamin Bi and as much 
vitamin B 2 as the rats should require daily. After 4 weeks 
on the diets, when the adequate rats weighed 100,146, 80,110 
and 119 gm., and the mineral deficient 112, 55, 75 and 85 gm., 
the carmine was fed. 

From table 3 it is seen that the rats fed the deficient diet 
with the additional vitamin B concentrate excreted the car¬ 
mine just as slowly as the deficient rats of the preceding ex¬ 
periments. 

The concentrate contained no Ca, Fe or Cu, but there was 
about 0.4 mg. P in the amount given daily. The amount of 
phosphorus in the diet was, therefore, almost doubled (raised 

*Mead Johnson & Co. 
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to 0.218 per cent) without improving the stasis. It is doubt¬ 
ful, therefore, if still further additions of phosphorus would 
improve the elimination. 

Experiment 7. Although it was not suspected that Osborne 
and Mendel’s salt mixture would have any laxative effect, it 
was thought wise to substitute another standard salt mixture. 
Therefore, in this experiment the rats fed the adequate diet 


TABLE 3 

The effect of the addition of vitamin B concentrate. Carmine excretion 


OK MINERAL deficient diet plus 
VITAMIN B COMPLEX 

ON ADEQUATE DIET PLUS VITAMIN B COMPLEX 

Rat no. 

Gross 1 

carmine 

_ „ ' 

Microscopic 

carmine 

Rat no. 

Gross 

carmine 

Microscopic 

carmine 


DoA/8 

Days 


Days 

Days 

33 

7 

1° | 

28 

3 

5 

34 

11 

20 1 

29 

4 

4 

35 

8 

11 

30 

4 

6 

36 

11 

17 i 

31 

4 

6 


i 


32 

4 

4 


received 4 per cent of McCollum’s salt mixture no. 51, which 
contains the following ingredients: 

Grama 

CaCO, 15 

KC1 10 

NaCl 5 

NaH CO, 7 

Mg 0 2 

Ferric citrate 5 
KH, PO« 17 

It contains no S, I, Mn, F and A1 which are all present in the 
Osborne and Mendel salt mixture. The mineral deficient diet 
remained as before. The evacuation of the carmine was just 
as rapid in the rats fed the adequate diet containing the no. 51 
salt mixture as in the rats fed the original adequate diet. One 
would therefore infer that a deficiency of S, I, Mn, F or A1 was 
not responsible for the stasis. It was also found that 
Osborne and Mendel’s salt mixture in 5 iii to 5 iv doses was 
not laxative for an adult woman. 
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Experiment 8. The 1 per cent of NaCl was left out of the 
adequate diet in one experiment, and after 4 weeks on this 
diet the carmine excretion was tested as before. The rats 
fed this diet excreted the carmine as rapidly as the controls 
which were fed the usual adequate diet. Consequently it 
would appear that the presence of NaCl does not affect the 
intestinal motility. 


TABLE 4 

Adcqmtc diet for 8 weeks 


FED CARMINE AND 
KILLED AFTER 

RAT 1 

RAT 2 

48 hours 

RAT 3 

RAT 4 

RAT 5 

24 hours 

72 hours 

96 hours 

168 hours 

Stomach 

— 

© 


— 


Duodenum 

— 

— 


— 

— 

Jejunum 

— 

—- 

— 

— 

1 — 

Ileum 

I _ 

— 

— 

_ ! 


Cecum 

+ + + 

+ 


i 

— 

Colon 

*f + + + 1 

+ 

© 

1 — 

— 


Mineral deficient diet for 8 weeks 



RAT 6 

RAT 7 

RAT 8 

RAT 9 

j RAT 10 

FED CARMINE AND 






KILLED AFTER 

24 hours 

48 hours 

72 hours 

96 hours 

168 hours 

Stomach 

+++ 

++ 

+ 

++ 

— 

Duodenum 

— 

+ 

— 

— 

— 

Jejunum 

++ 

+ 

+ 

++ 

— 

Ileum 

+++ 

++ 

+ 

++ 

— 

Cecum 

++++ 

+++ 

++ 

+++ 

© 

Colon 

++++ 

+++ 

++ 

+++ 

© 


+ = Gross carmine. © = Microscopic carmine only. 


Experiment 9. In this experiment rats which had been fed 
the regular adequate diet, and others which had been given 
the mineral deficient diet for 8 weeks were fed carmine and 
then one of each group was killed daily and the intestines 
were examined for carmine. The results are shown in table 4. 
The carmine was rapidly moved through the intestinal tract 
by the rats subsisting on the adequate diet. On the other 
hand, 4 days after the administration of the carmine the rats 
fed the deficient diet showed macroscopic carmine in con- 
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siderable quantities all through the intestine. After 7 days 
there was more carmine in the rat fed the mineral poor ration 
than in the rat on the adequate diet that was killed 4 days 
previously. This experiment again shows the marked stasis 
present in the rats fed the mineral deficient diet. The stasis 
seems to involve the whole intestinal tract, although it is 
especially evident in the cecum and colon. 

Weight of the intestines and contents. Rats which had been 
fed the diets for varying periods of time were killed by ether, 
and after a ligature of thin thread had been put around the 
pylorus and another around the ileocecal valve, the whole 
intestine with as little mesentery as possible was removed 


TABLE 5 

Average weights of intestines and contents 


BODY 1 

WEIGHTS j 

! 

ON MINERAL DEFICIENT DIET 

ON ADEQUATE DIET 

Cecum and 
colon 

Total 

intestines 

Number of 
gutR weighed 

Cecum and 
colon 

Total 

intestines 

Number of 
guts weighed 

ffm. 

gm. 

ffm. 


gm. 

gm. 


51- 60 

| 1.704 

4.378 

1 

1.583 

4.692 

1 

61- 70 

| 2.544 

5.672 

4 

1.642 

5.609 

7 

71- 80 

! 2.694 

5.990 

4 

1.694 

5.196 

2 

81- 90 

2.412 

6.204 

4 

1.953 

5.979 

3 

91-]00 

2.690 

6.659 

3 

.... 

.... 

.. 

101-110 

! 2.782 

6.680 

1 

3.939 ! 

5.216 

1 


and weighed at once. The small intestine was then weighed 
separately. 

When the average total intestine weights of rats of closely 
similar body weights (table 5) were compared, it was found 
that those of the rats on the mineral deficient diets were 
heavier than those of the animals on the adequate diets, with 
the exception of the two smallest rats. The cecums and the 
colons weighed considerably more in the rats on the deficient 
diet in every case. In other words, definite stasis was evident 
in the cecum and colon of the rats fed the mineral poor diet. 
The difference is probably greater than is evident from these 
figures, as the weight of the intestinal wall is probably about 
the same in both groups of rats and is responsible for a large 
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part of the total weight. As the food normally passes very 
rapidly through the small intestine, one would expect a priori 
that the stasis would occur in the large bowel. 

Gross appearance of the intestinal tract. The guts of the 
rats which were killed in experiment 9 were briefly examined 
with the naked eye for gross abnormalities. No definite dila¬ 
tion was seen in the upper intestines or the cecums of the 
rats fed the mineral deficient diet. The colons of the deficiently 
fed rats were, however, more dilated than those of the con¬ 
trols, the walls of the colons were also thinner and more 
friable, the haustra were more prominent especially near the 
cecum, and the fecal matter was more plentiful and softer. 
This increased size of the colons was all the more remarkable 
when one noted that all the rats fed the mineral poor diet, 
except the first one killed, weighed about half as much as the 
rats on the adequate diet. 

Attempts to alter the rate, of excretion by adding various 

elements 

In these experiments, which are not yet completed, rats 
were fed the mineral deficient diet with the addition of various 
salts for 4 weeks and after that interval the rate of excretion 
of the carmine was determined. Control rats fed the mineral 
deficient and the adequate diet were included in each experi¬ 
ment. 

The addition of 1.1 per cent NaCl to the mineral deficient 
diet, which provides about as much NaCl as is present in the 
adequate diet, caused very little change in the rate of excre¬ 
tion; in a few rats it was a little faster, in others it was 
somewhat slower. 

When 1 per cent of CaCC >3 was added to the mineral de¬ 
ficient diet, very little if any improvement in the intestinal 
stasis occurred. The diet after this addition contains 0.479 
per cent of calcium, which is slightly higher than that of the 
adequate ration. 

At present the effect produced when 1 per cent K 2 C0» is 
added to the mineral deficient diet is being investigated. The 
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results to date have been contradictory. This amount of 
K 2 COs compensates for the K present in the adequate diet. 

When 1 per cent CaC 0 8 and 1 per cent K 2 COs were added 
to the deficient ration, the rats excreted the carmine as rapidly 
as the controls fed the adequate diet. This experiment has 
been repeated four times and all of the twenty-seven rats 
which were fed this diet showed no stasis. When 0.17 per 
cent MgCOs was added as well, to compensate for the Mg 
present in the adequate diet, the results were the same as 
when both CaC0 8 and K 2 CO 3 were added, i.e., there was no 
stasis. 

The total weights of the intestines and contents of the rats 
fed the mineral deficient diet -f- CaC0 8 -f- K 2 CO 3 were de¬ 
cidedly less than those of rats fed the deficient diet alone, 
and also less than those fed the adequate ration. This adds 
confirmation to our previous finding that the simultaneous ad¬ 
dition of CaC0 3 and K 2 COs to the mineral deficient diet 
relieves the stasis. 

In order to determine whether K 2 C0 8 had a laxative effect 
per se, 1 per cent of this salt was added to the adequate diet. 
This approximately doubled its K content. The rats fed this 
ration excreted the carmine at the same rate as rats fed the 
regular adequate diet. In other words, the K»CO t , did not 
act as a laxative. These findings were confirmed in a second 
test. When the amount of the salt mixture was raised to the 
high amount of 8 per cent the carmine was excreted a little 
more rapidly than it was by the controls fed the usual adequate 
diet. 

In the course of these experiments there was some evidence 
that hot weather leads to a decrease in the speed of excretion, 
both in rats fed the adequate diet and in those fed the mineral 
poor ration. This is being checked further. 

DISCUSSION 

The mineral poor diet used in these experiments had in all 
probability a much lower mineral content than even the poorest 
human dietaries, but it is possible that the long-continued 
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consumption of a diet partially deficient in these factors may 
also lead to intestinal stasis. Constipation is a very prevalent 
malady among civilized peoples, and it is also a fact that many 
of the highly processed food-stuffs which are much favored, 
such as white flour and sugar, are very low in minerals. Ap¬ 
proximately 50 per cent of the total calories in an average diet 
are derived from these two sources, and in the diet of the poor 
the percentage is often higher. In addition, the common 
method of boiling vegetables in which the cooking water is dis¬ 
carded no doubt leads to great losses of the mineral salts, 
especially of those that are highly soluble, such as potassium. 
Keller (’34) states that from three-quarters to five-sixths of 
the salt content of thoroughly boiled potatoes is lost when the 
water in which they are cooked is thrown away. Over indul¬ 
gence in table salt, which is a fairly common habit, also in¬ 
creases the potassium loss. The combination of all these 
factors may perhaps play a part in the production of constipa¬ 
tion. 

In these experiments we have not yet established conclu¬ 
sively that both potassium and calcium salts must be added 
simultaneously to the deficient diet to prevent the stasis that 
would otherwise occur, but this would appear to be the case. 
It is interesting to note that numerous investigators working 
on other physiological problems have emphasized the im¬ 
portance of the K/Ca balance in maintaining the well-being of 
animals. On looking through the analyses of foods, one is 
struck by the fact that practically all of the laxative foods fed 
to young children are very high in potassium. Many of them 
contain much roughage, but this is not always the case, as, for 
example, with prune juice. It is not impossible that this high 
potassium content is a factor in their laxative effect, especially 
as the calcium intake is high. Again, it is well known that 
human milk is more laxative than cow’s milk. This may pos¬ 
sibly be due to its higher K/Ca ratio (v. Wendt, ’25). Further 
work is being done on these very practical problems. 
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SUMMARY 

1. Young rats fed a diet low in minerals, but adequate other¬ 
wise, show a great delay in the excretion of 6 mg. of carmine. 
In other words, they have a marked intestinal stasis. Control 
animals fed the same diet plus the minerals do not show this 
stasis. 

2. Additional vitamin B complex does not relieve the stasis 
of the mineral deficient animals. 

3. The simultaneous addition of CaC0 3 and K 2 C0 3 to the 
mineral poor ration seems to relieve the stasis. 
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It is w T ell known that antirachitically equivalent amounts 
of the antirachitic factor in the form of cod liver oil and ir¬ 
radiated ergosterol, as measured by a curative assay with the 
white rat, are not equally effective when used in a preventive 
manner with the chicken (Massengale and Nussmeier, ’30; 
Musselil and Ackerson, ’30; Steenbock et al., ’32; Bethke et ah, 
’33, and unpublished data from this laboratory). The purpose 
of this investigation was to compare the antirachitic potency 
of cod liver oil and of irradiated ergosterol upon a curative 
and preventive basis, using the white rat as the test animal. 
Such a comparison was of interest in connection with investi¬ 
gations of these two sources of the factor when the chicken 
was used as the experimental subject. Studies ■with the 
chicken have been made, in practically every instance, upon 
a preventive basis and the quantities of cod liver oil and ir¬ 
radiated ergosterol used have been determined by curative 
assays made with the white rat. Hence the question was 
raised as to whether a preventive assay of both sources of 
the factor, made with the rat, would show results in agreement 
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Department of Agricultural Biochemistry. 
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with a curative assay with this species, or whether they would 
be in agreement with the results of preventive studies with 
the chicken. 

EXPERIMENTAL 

For the preventive studies young rats, 55 to 60 gm. in 
weight, were placed upon the experimental regime at 23 to 
28 days of age. Litter representatives were assigned to each 
of the two groups receiving the two sources of the factor. 
The supplements listed in table 2 were incorporated in 50 gm. 
of the Steenbock 2905 ration as in a curative assay. Succes¬ 
sive 50-gm. portions were supplied throughout the experi¬ 
ment, a portion being consumed in about 7 days. After 40 
days of feeding, the blood was drawn from the heart, under 
anesthesia, for the determination of inorganic P (Briggs, 
’24) and the femurs removed for ash determinations. Indi¬ 
vidual determinations were made of P in whole blood and of 
bone ash of the right femur (Russell and Massengale, ’28). 

The curative assay, using the line-test method, was con¬ 
ducted essentially as outlined by the Wisconsin Alumni Re¬ 
search Foundation. Young rats of the same age and weight 
range as those employed for the preventive study were de¬ 
pleted in 23 or 24 days and then carried through the 10-day 
test period. The supplements were mixed with 50-gm. por¬ 
tions of the Steenbock 2965 ration, a portion being consumed 
during the first 6 or 7 days of the test period. 

DISCUSSION 

In table 1 the line test responses at the unit levels are shown 
for the two sources of the antirachitic factor, at the beginning 
and at the end of the preventive experiment. The unit 
amounts or multiples thereof were used in the preparation of 
the 50-gm. portions of supplemented ration in the preventive 
study. 

A comparison of the bone ash percentages, table 2, reveals 
no significant difference between the responses to the two 
sources of the antirachitic factor. The value, 38.43 per cent, 
for 0.5 unit of irradiated ergosterol is lower than that for 
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TABLE 1 

Curative assay of irradiated ergosterol and cod liver oil . Responses at unit levels 



IRRADIATED ERGOSTEROL 

OOD DIVER OIL 

DATE OF ASSAY 

Unit 

level 

Response 

Unit 

level 

Response 


mg. 


mg. 


October, 1932 

0.0008 

+ (+ + > 

+ , +, +, + 

± 

' 3 

45 

+<++>,+(++) 
+> +i + 

±,± 

August-September, 1933 

0.0008 

i 

j +++ 

!+(++),+(++) 

| +> +, + 

1 — ' 

45 

++ 

+(++)> +(++) 
+> +> + 
±(+) 


Note: -{- equals a narrow continuous line. The unit level is the smallest 
quantity of material which causes 60 per cent, of the responses to be + grade or 
slightly better, including one-half of those of ±( + ) grade. 


TABLE 2 


Comparison of irradiated ergosterol and cod liver oil on a preventive "basis . 
Summary of food consumption , gains in weight, blood inorganic phosphorus 
values and bone ash percentages. Duration of test period—40 days 


SUPPLEMENT 

IN 50 QM. 

OF FOOD 



fc 

0 

SE 

* ^ 

INOROANIO P OF 
WHOLE BLOOD 

1 

BONK ASH OF 
RIGHT FEMUR 

ii 

»Sa 

13 

»2 

z* 

AVERAOK 
DAILY FOC 
CON SUMP 

w 0 2 

O JN W 

Sri* 

£22 

< 

er 

100 ec. 

robable 

»rror 

Coefficient 

of 

variation 

alue 

robable 

rror 

Coefficient 

of 

variation 


ft 

% 

PH PH 

> Ph 

mg. 


; 

grn. 

grn. 

mg. 

per 

cent 

per cent 

per 

cent 

Irradiated 

ergosterol 

0.0004 

0.5 

10 

6,5 

1.2 

2.2 s ± 0.036 

7.29 

38.43 ± 0.79 

■ 

9.76 

0.0008 

1.0 

10 

7.5 

1.3 

2.9 1 ± 0.036 

5.45 

43.80 ± 0,74 

7.98 

0.0016 

2.0 

10 

7.9 

1.4 

3.0 ± 0.041 

6.33 

46.76 ± 0.39 

3.86 

0.0080 ! 

10.0 

8 

7.6 

1.3 

3.5 ± 0.035 

3.90 

51.18 ± 0.43 

3.60 

Cod liver oil 
22.5 

0.5 

10 ! 

7.8 

1.5 

2.6 1 ± 0.044 

5.09 

41.38 ± 1.00 

11.40 

45.0 

1.0 

10 

7.5 

1.4 

3.2 ± 0.053! 

7.78 

44.26 ± 0.79 

9.76 

90.0 

2.0 

10 

7.5 

1.3 

3.5 ± 0.050 I 

6.71 

46.15 ± 0.74 

7.98 

450.0 

10.0 

8 

7.9 

1.4 

3.7 ± 0.029 j 

3.26 

51.80 ± 0.33 

2.66 

Controls 

No supplement 

■ 

. 

9 

6.2 

0.9 

1.4* ± .... 

.... 

124.48 ± 0.56 

10.20 


1 Nine determinations. 
1 Six determinations. 
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the equivalent amount of cod liver oil, but it should be noted 
that the average daily intake of the irradiated ergosterol 
lot was 13 per cent less than the average daily intake of the 
other lots which received this form of the factor. Hence the 
actual intake was 0.43 unit rather than 0.5. This difference 
could account for the lower value in the case of this level. 

If there were a difference in the response to the two sources 
of the antirachitic factor, it should have been evident at the 
0.5-, 1.0- or 2.0-unit levels, because none of these showed the 
maximum bone ash percentage which was obtained when 10 
units were fed. According to Hume and her associates (’32), 
47 to 48 per cent bone ash may be the maximum for a diet 
low in phosphorus, and Dutcher, Creighton and Rothrock (’25) 
obtained 52.0 per cent bone ash with the Steenbock 2965 ration 
plus irradiation, at approximately the same age at which the 
animals were killed in this experiment. Although higher 
levels were not fed, in the light of the results of the above 
investigators, it would seem that 51.18 per cent and 51.80 
per cent for the irradiated ergosterol and cod liver oil groups, 
respectively, at the 10 unit level are maximum values for 
this ration and age of animal. 

Four hundred and fifty milligrams of cod liver oil, 10 rat 
units, per 50 gm. of ration is equal to 0.9 per cent of the ration. 
Therefore, the 10-unit, level of irradiated ergosterol, which 
produced the same maximum bone ash response, is equal in 
its effect on the rat to 0.9 per cent cod liver oil. In the case 
of the chicken, practically the same percentage of the same 
sample of cod liver oil, 1 per cent, or 22 rat units per 100 gm. 
of ration, was four times the amount necessary to produce 
a maximum bone ash value, but the quantity of the same 
sample of irradiated ergosterol required to produce a maxi¬ 
mum response was 192, or possibly 144 times, the antirachitic 
value of the cod liver oil at the minimum protective (0.25 per 
cent) level (unpublished data). 

The inorganic P of the whole blood is highest for the groups 
which received 10 units per 50 gm. of diet and the values for 
the others became less as the allowance of both forms of the 
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factor decreased. In all instances the phosphorus values of 
the irradiated ergosterol groups are slightly lower than those 
of the corresponding cod liver oil groups. It is of interest 
that the coefficients of variation of the completely protected 
groups are low as compared with the values for the basal 
and partially protected groups. 

The unit level determined by the usual 10-day curative 
assay with vitamin D-depleted animals does not afford com¬ 
plete protection when fed on a preventive basis. Schultzer 
(’31) has compared the preventive and curative methods, but 
the technics employed are so different from those used in this 
laboratory that a comparison of results is not possible. At 
a later date he reported (’33) the preventive dose to be equal 
to the curative. As indicated above, we have not found this 
to be the case, but again the methods employed by the two 
laboratories are so different that comparisons cannot be made. 

SUMMARY 

1. The response of the white rat to antirachitieally equiva¬ 
lent amounts of cod liver oil and irradiated ergosterol, de¬ 
termined curatively, is the same when the two sources of the 
factor are fed on a preventive basis. This result is strikingly 
different from that obtained in the chicken, in which species 
the irradiated ergosterol form of the antirachitic factor is 
much less effective than the cod liver oil form when compared 
on a preventive basis. 

2. The minimum protective dose on a preventive basis is 
between 2 and 10 curative units per 50 gm. of ration. The 
unit or 1-f level, determined curatively, affords only partial 
protection when fed on a preventive basis. 
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Most of the existing methods for studying lactation quanti¬ 
tatively are based on humans, cows, goats or dogs as experi¬ 
mental subjects. These methods are time consuming and 
costly when used in the study of the effects of isolated food 
substances upon lactation. However, they do afford the op¬ 
portunity of making quantitative analyses of the milk. One 
must rely upon the growth rate of the suckling young or some 
other such factor when small animals like the rat are em¬ 
ployed. Methods of this type have the advantages of being 
relatively rapid and less costly, even though the accuracy is 
not so great due to the use of indirect criteria of milk pro¬ 
duction. This inaccuracy can be lessened considerably by 
carefully controlled experimental conditions and the employ¬ 
ment of good growth measurement methods. Methods here¬ 
tofore used involved mortality and weaning statistics or per¬ 
centage weight changes of the litter. 

In the earlier work on lactation in small animals it was 
justifiable to use mortality statistics, percentage of young 
weaned, etc., but since it has become possible to rear rats on 
a practically synthetic diet, these criteria do not permit the 
finer discriminations between the effects of various food ex¬ 
tracts and concentrates. If one young died in a litter of ten, 
the per cent weaned would be 90; but if one died in a litter 
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of two the per cent weaned would be 50. The average weaning 
weight and the per cent increase in weight over the suckling 
period are of little value, since they depend too largely upon 
the birth weight which in turn depends to some extent upon 
the number in the litter. The following table illustrates some 
of these points. 

TABLE 1 


NUMBER. 

j NUMBER 

BIRTH WEIGHT 

WEANING WEIGHT 

PER CENT WEIGHT 

BORN 

WEANED 

or SIX 

or six 

INCREASE 

7 

6 

32 

197 

515 

8 

6 

29 

197 

579 


It is of primary importance to limit the litters to a definite 
number at birth. Some investigators limit the litters to four 
young, but most prefer six. Donaldson (’25) has pointed out 
that rats in relatively small litters grow much faster than 
rats in larger litters. Another means of lessening the in¬ 
accuracy of small animal methods is to disregard the growth 
data of the first 3 or 4 days of life. There is considerable 
variation of growth during this period, due to the dehydration 
of the young and the stabilization of the habits of the mother. 
It seems advisable, therefore, not only to limit the litters 
to six young, but to start plotting the growth data from the 
fourth instead of the first day of life. 

Female rats vary somewhat in their inherent ability to 
mother a litter. This makes it necessary to exclude from the 
final data all but those experiments where the mother has 
successfully cared for and weaned the six young allotted to 
her at birth. It must be remembered that we are here deal¬ 
ing with a method to be used in the study of the augmentation 
of normal lactation with various food stuffs. We advise in¬ 
cluding only ‘perfect’ experiments in the final data, i.e., ex¬ 
periments where the mother has shown no signs of ill health 
and has successfully cared for all her young remaining after 
suitable reduction of the litter at birth. 

Sugiura and Benedict (’18) have pointed out that a diet 
may be adequate for reproduction and growth of the young 
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after their eyes have opened, but not for the lactation period. 
This, then, limits the true lactation period of the rat to 16 
or 17 days, since at this time the young open their eyes and 
begin nibbling at the mother’s food. Many investigators have 
endeavored to prolong this true lactation period (the period 
over which the young are solely dependent upon the mother’s 
milk for substance). They have devised ingenious food traps, 
etc. These have all proved unsuccessful, because of the 
manner in which a rat eats and because of the agility of the 
young at this age. Kozlowska, McCay and Maynard (’32) 
have even gone so far as to remove the mother from the cage 
at definite intervals for separate feedings. This, they admit, 
is rather impractical and too laborious. We feel that if the 
conditions are well controlled and only ‘perfect’ experiments 
are used in compiling the data, the growth periods from the 
fourth to the seventeenth day are of sufficient length to make 
comparisons. 

Brody (’27) has analyzed Donaldson’s growth data on 
white rats and finds that growth in the rat is definitely loga¬ 
rithmic and that, the instantaneous percentage rate of growth 
remains constant for relatively long periods of growth. The 
rate is about 12 per cent for the first 10 days and about 4 per 
cent for the next 20 days. We have applied essentially his 
method to our data. Instead of using natural logarithms, we 
have used ordinary logarithms. The logs of the daily weights 
of the litters (six young are weighed together) from the 
fourth to the seventeenth day of life are plotted against time 
in days. Straight lines are then drawn through the greatest 
number of points. For this growth period (fourth to seven¬ 
teenth day) there are two straight lines. The break occurs 
in the great majority at the tenth day. It may occur a day 
earlier or a day later. The majority of points fall on the 
two straight lines. Many other means of plotting and draw¬ 
ing lines were tried, but this method seemed to satisfy the 
conditions best. A numerical constant is obtained for the 
slope of each straight line by dividing the log difference be¬ 
tween any two points on the line by the distance between 
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them in days. Both of these constants differ with a fair de¬ 
gree of significance when the diets of the lactating mothers 
differ. Figure 1 shows a compilation of the results obtained 
on a few different diets that are listed in table 2. The salt 
mixture used is shown in table 3. It is a slight modification 
of that used by Clayton (’30). 

It is not within the scope of this paper to speculate upon 
the reason for the sudden change in the rate of growth of the 
white rat at approximately the tenth day of life. Suffice to 



Diet No. Index 
90 / 


760 

926 


64 / 

966 

996 

839 


4 5 6 7 Q 9 JO II IZ 13 J4 15 16 17 
Age m Days 

Figure 1 


say that from a complete analysis of our data we find it oc¬ 
curring in about 90 per cent of the 300 litters studied. Brody 
gives no conclusive reason for it. It is our belief that it is 
characteristic of the species, although nutritional conditions 
may modify it. 

In order to facilitate a quicker comparison of results, we 
have arbitrarily combined the two growth slope constants by 
simple addition and dropping the decimal point. The con¬ 
stants thus lose their actual mathematical significance and 
become merely round numbers to be used for comparison. 
We have chosen to call the resultant figure a lactation index. 
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We believe this method is a more accurate picture of the 
growth changes in the young due to lactation changes in the 
mother than is presented by any other existing means of 
judging lactation in rats. Its application and significance will 
be stressed in the following paper. 


TABLE 2 
Diets 



TABTS 


1 

2 

3 

4 

5 

6 

7 

Casein 


15 

25 

15 

12 

15 

o 

Cystine 





1 

1 

■s 

Glycine 





1 


# 

Glutamic acid 





1 


c6 

Cod liver oil 




14 



.9 

Ih 

Liver (dried) 

22 






O 

P4 

Balt mixture 

5 

5 

5 

5 

5 

5 

.2 

Agar agar 

2 

2 

2 

2 

2 

2 


Starch 

76 

76 

66 

76 

76 

76 

M 

§ 

Lard 

14 

14 

14 


14 

14 | 

35 


Wheat germ oil, 5 drops per rat per day on all diets. 
Cod liver oil, 6 drops per rat per day on all diets. 
Irradiated yeast, 3 gm. per rat per day on all diets. 


TABLE 3 


Osbornc-Mcndrt salt mixture as modified 



pm. 

CaCO, 

539.2 

MgCOj 

96.8 

Na»CO* 

136.8 

K,CO, 14 11,0 

C75.6 

85% H,P0 4 

284.0 

Cone. HC1 

504.0 

Cone. H a S0 4 

21.0 

Citric acid (dry) 

406.0 

Iron citrate 

25.36 

KI 

1.4 

MnS0 4 H 3 0 

8.7 

NaF 

5.0 

Alum 

4.2 

Na a 8i 0, H,0 

25.0 
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SUMMARY 

A method is described for the study of lactation in rats. 
It is dependent upon two growth constants derived from plot¬ 
ting the logs of the litter weights from the fourth to the seven¬ 
teenth day of life against time in days. By combining the two 
constants a mathematical lactation index is obtained. 
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In these studies we are not primarily interested in mam¬ 
mary development, the initial stimulation of milk flow, or the 
transitory effects of drugs, vasodilators, etc., but rather in 
increasing the level of milk production already established 
and still more specifically in why adequate good quality pro¬ 
tein maintains a high level of milk production. 

Eckles (’16) stated that 

the error is often made of assuming that the richness of the 
milk varies with the feed. While it is possible under certain 
conditions to make a variation of possibly 0.2 to 0.4 per cent 
in the fat by giving certain foods, it is only under conditions 
so abnormal that it is of scientific interest only and has no 
practical bearing .... The richness of a cow’s milk is fixed 
by heredity and cannot be permanently changed by any means. 

It is quite true that the heredity factor, or the individual 
characteristic of the gland is the most important factor in 
milk production, but since Eckles made the above statement 
several workers have succeeded in materially altering lacta¬ 
tion by dietary means, especially in rats. The most striking 
influence has been brought about by feeding a high protein 
diet. Class A animal proteins have been most successful in 
stimulating lactation in humans, dogs and rats (Hoobler, ’17; 
Adair, ’25; Hitchcock, ’26; Daggs, ’31, and many others). 
Of these liver seems to be the outstanding one. If the dietary 
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protein level is too high, kidney hypertrophy and some kidney 
damage may result. Maynard and Bender (’27, ’28) believe 
that, even though high protein diets do produce enlargements 
and some degeneration of the kidney in rats, it has no ill 
effects upon the good health of the animal or its ability to 
lactate normally. 

Increasing the fat or carbohydrate in the diet above a cer¬ 
tain optimal level has little if any effect. Meigs (’22), in 
reviewing this subject, states that 

some authors find that an increase of fat in the food is followed 
both by an increase milk yield and by an increased concentra¬ 
tion of milk fat ; others get neither of these results, still others 
get one without the other .... Where moderate amounts of 
carbohydrate are added to or subtracted from the ration, little 
or no change follows in either the composition or the quantity 
of milk. 

It is of considerable importance to have an abundance of vita¬ 
mins in the lactation diet, especially the B complex. The diet 
must include from three to five times the amount of vitamin B 
complex necessary for ordinary growth (Macy, Outhouse, 
Long and Graham, ’27). Hartwell (’24) believes this increase 
is particularly needed when the protein level of the lactation 
diet is high. There is some disagreement as to which of the 
B factors is essential. Sure and Walker (’31) believe that 
vitamin G is not so essential as vitamin B, while Iiusseman 
and Hetler (’31) state that vitamin G is more important for 
lactation than vitamin B, although both are needed. Evans 
and Burr (’28) have shown that lactating rats need vitamin 
E in order to prevent muscle paralysis of the suckling young. 
Vitamin A is also required in fairly large quantities by the 
lactating mother (Sherman and MacLeod, ’25). Sure (’28) 
was unable to demonstrate the existence of any specific fat- 
soluble vitamin essential for lactation other than vitamins A 
and D. 

Several investigators have sought a dietary lactagogue 
among the minerals. Scharrer, Schropp and Schwaibold 
(’33) have found that the iodine content of the feed increases 
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milk production in cows. Stiner (’27) also has shown this 
and believes that iodine may enhance milk secretion in women. 
Since copper has been shown to produce such good results in 
blood regeneration, Sure (’27) used it as a supplement to 
vitamin B and found that it was of no value for lactation. 
The feeding of other minerals in amounts larger than neces¬ 
sary for optimal maintenance has no effect other than chang¬ 
ing the mineral content of the milk. 

The most promising means of stimulating lactation seems 
to be linked in some way with proteins. In work with dogs 
(Daggs, ’31), it was shown that liver was a very good source 
of the lactation stimulating substance. Wilkinson and Nelson 
(’31) find a lactafion promoting substance in fresh liver that 
is destroyed at 120°O. and is not soluble in ether. Smith and 
Seegers (’34) have found an alcohol and water soluble, ether 
insoluble, substance from liver to be effective in stimulating 
lactation in rats. They believe the lactagogue is not a protein, 
but is associated with it. 

Mapson (’32) believes a water extract of autolyzed liver, 
which he names ‘phvsin,’ to be a lactagogue. He also says 
it is not a protein, but is associated with proteins and is 
probably of a hormone nature. It is his belief that ‘physin’ 
acts by stimulating the anterior pituitary. Jones and Gers- 
dorff (’34) criticise Mapson and others for using Glaxo casein, 
which they have shown to be low in cystine and suggest that 
“cystine .should be given serious consideration as a con¬ 
tributing factor.” 


EXPERIMENTAL 

Wistar strain rats were used in the following experiments. 
The animals were kept in a room where the temperature was 
controlled to 82°F. ± 1°. The humidity was kept at about 
40 per cent and the room was ventilated. The stock and 
breeding colony was maintained on a ration of Purina dog 
chow, distilled water and 1 * extra vitamin A once a week in the 
form of Patch’s cod liver oil. By means of palpations, the 
pregnant females were selected for experimental diets about 
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4 to 7 days before parturition. The pregnant rats were placed 
in special cages. 

Rat cages. Galvanized iron trays with 4-inch high sides 
were made just to fit into the ordinary square wire cages. 
The high sides protected the young from drafts and outside 
disturbances. The mothers were provided with nesting ma¬ 
terial in the form of clean thin wood chips. Water was pro¬ 
vided in Bochester type drinking tubes. The food was placed 
in small wide mouth glass jars supported in tin cups. The 
accessory food substances, such as cod liver oil, wheat germ 
oil, yeast, etc., were placed in glass salt cellars supported in 
a small galvanized iron rack attached to the front wall of 
the large tray. 

TABLE 1 


DIET 

Ki 

K* 

LACTATION 

INDEX 

NUMBER OF 
LITTERS 

Casein (15 parts) 

0.0488 

0.0272 

760 

9 

Beef liver (dried) 

0.0551 

0.0350 

901 

9 

Egg (dried) (no lard) 

0.0511 

0.0391 

902 

8 

Egg (dried) (no lard) 

0.0503 

0.0303 

866 

6 

Beef round (dried) 

0.0511 

0.0376 

887 

7 

Beef kidney (dried) 

0.0519 

0.0374 

893 

13 

Stock (Purina cliow) 

0.0485 

0.0348 

833 

14 


The females remained on the experimental diet until the 
young were weaned. At parturition the litters were limited 
to six young. The mother and young were weighed daily. 
The diet was replenished and the daily dietary supplements 
were placed in clean salt cellars after each weighing. The 
method used for judging lactation is described in detail in 
the preceding paper. Table 2 of the preceding paper 
illustrated the construction of the diets. 

The following tables give compilations of the results of the 
various diets. The diets are all designated by their sources 
of protein, etc., the other constituents being essentially the 
same in all diets, unless otherwise indicated. The protein 
level, with the exception of a few cases was kept at a mini¬ 
mum so as to determine better the qualitative difference be¬ 
tween various protein sources. Table 1 shows the qualita- 
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tive differences between various natural protein sources. The 
meats were trimmed free of fat, ground, spread in thin layers 
on metal trays and dried completely by means of a current of 
warm air. The dried meats were ground to a powder and 
incorporated in the diet in fifteen part protein equivalents. 
The egg used was in the form of ground whole hen-egg flakes. 
The method of plotting the growth data is illustrated in figure 
1 of the preceding paper. K t indicates the slope of the first 
straight line on the growth curve, K 2 the second line, and the 
lactation index is the sum of the two K’s disregarding the 
decimal. It then becomes merely a figure of relative signifi¬ 
cance only, and a means of quickly comparing the data. 


TABLE 2 


DIET 

K, 

K a 

LACTATION 

INDEX 

NUMBER OF 
LITTERS 

Liver (dried) 

0.0551 

0.0350 

901 

9 

Liver (dried at high temperature) 

0.0456 

0.0247 

703 

10 

Egg (dried) (no lard) 

Egg (cooked in double boiler for 3 hours) 

0.0503 

0.0363 

866 

6 

(no lard) 

Casein -f a water extract of autolyzed liver 

0.0500 

0.0370 

870 

6 

concentrated to a paste at low temperature 
Casein -f- a water extract of autolyzed liver 
concentrated to dryness at a high tem¬ 

0.0520 

0.0375 

895 

3 

perature 

0.0464 

0.0183 

647 

2 


In order to determine whether or not the effective principle 
was associated with the mineral constituents, the ash of egg 
was added to the casein diet; when this was done the K^ — 
0.0484, K 2 = 0.0273, and the index — 757. This was practically 
identical with the casein index of 760, thus showing no im¬ 
provement. Mapson (’32) has shown also that liver ash was 
ineffective and that, added manganese produced no favorable 
effects. 

Table 2 illustrates the effect of temperature upon the active 
principle. 

The results of the experiments cited in table 2 show that 
the principle is partially heat labile or liable to oxidation in 
the absence of water at higher temperatures. Wilkinson and 
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Nelson (’31) have shown that the factor in liver is destroyed 
when heated to 120° C. 

Table 3 illustrates the reproducibility of results and the 
validity of the method. It also shows, as several other investi¬ 
gators have shown, the alcohol solubility of at least part of 
the principle in liver and kidney. This does not seem to hold 
for egg. It is probably not easily removed by alcohol from 

egg. 

When the alcohol soluble material from liver was freed of 
fat with ether and taken up in water, it did not augment the 


TABLE 3 


DIET 


K a 

LACTATION 

INDEX 

NUMBER OF 
LITTERS 

Alcohol extracted liver 

0.0509 

0.0352 

861 

7 

Alcohol extracted liver (2 years later) 

0.0520 

0.0342 

00 

9 

Alcohol extracted egg 

0.0541 

0.0353 

894 

5 

Alcohol extracted egg (2 years later) 

0.0534 

0.0365 

899 

16 

Alcohol extracted kidney 

0.0468 

0.03G4 

832 

4 

Liver (dried) 

0.0551 

0.0350 

901 

9 

Egg (dried) (no lard) 

0.0511 

0.0391 

902 

8 

Kidney (dried) 

0.0519 

0.0374 

893 

13 

Casein (15 parts) 

0.0488 

0.0272 

760 

9 

Casein + alcohol-water soluble extract of 
liver 

0.0476 

0.0289 

765 

6 

Alcohol extracted liver + alcohol-water 
soluble extract of liver 

0.0548 

0.0346 

894 

12 


casein diet, but did bring the alcohol extracted liver diet to a 
value practically as good as that of whole dried liver. Why 
the alcohol water extract did not augment the casein diet is 
difficult to understand, unless there is more than one lactation 
principle. 

Since no effect was obtained when the alcohol-water extract 
was added to casein, it seemed advisable to try the various 
fatty constituents, although Wilkinson and Nelson (’31) had 
shown that the factor still remained in the residue after ether 
extraction of liver, and Smith and Seegers (’34) show its 
absence in liver fat. Table 4 shows some of these experiments. 
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The only hint of betterment is seen when liver fat was added 
to fat extracted liver and it is quite conceivable that some of 
the alcohol-water soluble material could be carried along as 
a contaminant. The unsaponifiable fraction of the fat, lecithin, 
extra wheat germ oil, extra cod liver oil, or extra lard defi¬ 
nitely hindered lactation, especially in the latter half of the 


TABLE 4 


DIET 

Ki 

k 3 

LACTATION 

INDEX 

NIT VEER OF 
LITTERS 

Casein (15 parts) 

Casein + unsaponifiable fat from alcohol- 

0.0488 

0.0272 

760 

9 

ether extract of egg 

0.0480 

0.0268 

748 

33 

Casein -}-* crude lecithin from egg 

Alcohol extracted liver + crude liver fat 

0.0464 

0.0260 

724 

3 

(in place of lard in the diet) 

0.0545 

0.0336 

881 

9 

Alcohol extracted liver 

Alcohol extracted liver + alcohol-water 

0.0520 

0.0342 

862 

9 

soluble extract of liver 

0.0548 

0.0346 

894 

12 

Casein + 20 drops/day wheat germ oil 

0.0454 

0.0237 

691 

6 

Casein -f- 28 parts lard 

0.0511 

0.0216 

727 

5 

Casein + c.l,o. in place of lard in the diet 

0.0442 

0.0199 

641 

3 

TABLE 

5 




DIET 

Ki j 

K* 

LACTATION 

INDEX 

i 

! NUMBER OF 
| LITTERS 

Casein (15 parts) 

0.0488 

0.0272 

760 

9 

Casein (25 parts) 

0.0568 

0.0360 

928 

11 

Alcohol extracted egg 

0.0534 

0.0365 

899 

16 

Alcohol extracted egg (25 parts) 

0.0565 

0.0358 

923 

5 

Casein -f water extract of autolyzed liver 

0.0520 

0.0375 

895 

3 

Casein + water extract of autolyzed egg 

0.0530 

0.0321 

851 

3 

Casein alcohol-water extract of liver 

0.0476 

0.0289 

765 

6 

Casein + alcohol-water extract of egg 

0.0477 

0.0272 

749 

6 


period. Smith and Seegers (’34) also have shown that vita¬ 
min E is not the principle involved. 

These experiments seemed to limit the lactation principle 
to the protein fraction. This also was brought out when the 
fifteen part protein level was increased to twenty-five in the 
case of casein and alcohol extracted egg, as shown in table 5. 

The experiments in table 5 confirm the work of Mapson 
(’32) in that the lactation principle is readily extracted from 
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DIET 

Kx 

K* 

LACTATION 

INDEX 

NUMBER OF 
LITTER8 

Casein (15 parts) 

0.0488 

0.0272 

760 

9 

Casein (35 parts) + Armour peptone (2 





parts) 

0.0510 

0.0261 

771 

3 

Casein (15 parts) + Witte peptone (2 parts) 

0.0550 

0.0335 

885 

3 

Casein (15 parts) + blood fibrin (1 part) 

0.0532 

0.0322 

854 

3 

Casein (15 parts) -f lactalbumen (1 part) 

0.0549 

0.0310 

859 

4 

Casein (15 parts) + glycine (1 part) 

0.0494 

0.0243 

737 

3 

Casein (15 parts) + cystine (1 part) 

0.0586 

0.0350 

936 

6 

Casein (15 parts( + K 2 S (i part) 

0.0513 

0,0250 

718 

3 

Casein (12 parts) + cystine (1 part) + 





glycine (1 part) + glutamic acid (1 part) 

0.0628 

0.0360 

988 

3 

Lactation Indices il 






Figure 1 
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autolyzed liver by means of water. This is also true of 
autolyzed egg. A larger amount can be extracted in this 
manner than by alcohol extraction of fresh liver or whole egg. 

Since autolysis released a considerable amount of the 
lactagogue, it was logical to try some of the degradation prod¬ 
ucts of animal proteins. 

It will be seen from table 6 that Witte’s peptone was better 
than Armour’s. Since we do not know how these peptones 
are made, we cannot speculate as to the reason for the dif¬ 
ference. Blood fibrin, which is the source of some peptones, 
makes a fair showing. Glycine alone is very poor, but cystine 
shows a tremendous stimulating effect; in fact, better than 
anything tried before, even those experiments where 25 parts 
of liver or egg were used. The effect was evidently not due to 
added sulphur, since the experiments where K 2 S was used 
gave very poor results. When a synthetic mixture of cystine, 
glycine and glutamic acid was made to simulate glutathione 
and fed with the extremely low amount of casein protein, very 
striking results were obtained. Even if we consider the 
amino acids sources of protein, the total protein level of the 
diet is only 15 per cent. It seems, then, that it is not necessary 
to feed high protein diets in order to maintain a high level 
of milk production. The high protein diets probably supplied 
the extra cystine or glutathione constituents necessary for 
lactation. Figure 1 better illustrates the relative lactation 
values of some of the diets used. 

DISCUSSION 

In a short article in Science, Hammett (’34) discusses the 
function of glutathione. He states, 

Thus, then, it seems as if in glutathione nature has devel¬ 
oped in one and the same chemical compound, a complex which 
conditions if it does not determine the course of the several 
basic and essential processes concerned in developmental 
growth. Through cysteine it accelerates cell proliferation, the 
first step; through glycine it accelerates that protein recon¬ 
struction which is an essential accompaniment to both cell 
division and cellular differentiation; and through glutamic 
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acid it accelerates the progress of that selective building up 
of the protein molecule which is the characterizing process of 
differentiation and its consequent organization. 

It may be that cystine or glutathione stimulates the mam¬ 
mary gland as such or is merely passed on to the suckling 
young through the milk and there acts as a growth stimulant. 
In order to gain some light on this question, we tried to feed 
a water suspension of cystine directly to the suckling young 
of mothers on a basal casein diet. It is very difficult and un¬ 
satisfactory to feed cystine to such small beings as suckling 
rats, but for the few experiments successfully completed the 
values were K, = 0.0468, K 2 —0.0284 and a lactation index 
of 752, slightly below that of a litter from a casein fed mother 
receiving no cystine. We intend to repeat the experiment on 
larger animals. 

It is definitely known that casein is relatively low in cystine 
and it may be surmised that the added cystine is merely mak¬ 
ing a more complete protein of casein. But liver and egg 
are both considered sources of good complete proteins and 
even when fed at practically two times the level they did not 
give as good results as the casein + cystine diet. 

The reason why liver is so good for lactation may well be 
that it contains more glutathione than any other animal tissue. 
No fact developed in this study stands in the way of this ex¬ 
planation. There is little if any glutathione in fresh hen’s 
egg, but the cystine content is relatively high. Since hot 
alcohol can ‘peptize’ proteins, it is probable that the alcohol- 
water extracts contain cystine-yielding protein products and 
thus stimulate lactation because of their cystine content. 
Water soluble proteins from vegetables have been found to 
contain fair amounts of cystine. 

The criticism may arise as to the toxicity of cystine. The 
percentage is hardly high enough to produce any ill effects. 
Longwell, Hill and Lewis (’32) have shown that cystine is not 
toxic when fed with vitamin B complex, and our diets do 
contain an abundance of B complex. 
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It is our belief that the lactation augmenting effect of high 
protein diets, liver extracts, etc., is due to the extra amount of 
cystine or glutathione contained in the diet and that gluta¬ 
thione particularly acts in some way as a mammary stimulant. 

SUMMARY 

By using the method described in the preceding paper, lacta¬ 
tion studies were carried out on rats using various dietary 
principles. The food materials tested were either fed in place 
of the casein of the basal diet or as added daily supplements. 

The lactation promoting factor was found to be present in 
liver, egg, round, kidney, alcohol-water extract of liver, diets 
of higher protein level (egg casein), water extract of auto- 
lyzed liver or egg, Witte’s peptone, blood fibrin, lactalbumen, 
cystine and a combination of 1 part cystine, 1 part glycine 
and 1 part glutamic acid fed with only 12 parts of casein and 
the other constituents of the basal diet. This last mixture 
which simulates glutathione gave the best results, although 
cystine alone as supplement showed a remarkable effect. 

The factor was not present in the unsaponifiable fat of egg, 
in lecithin, extra wheat germ oil, extra cod liver oil, extra 
lard, Armour’s peptone, glycine or K«S. 

The authors believe that cystine or glutathione acts in some 
was as a mammary stimulant. 
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INTRODUCTION 

Effect of grape juice on urinary acidity. Numerous well- 
known experiments have clearly established the fact that the 
ingestion of large quantities of most fruits and vegetables 
leads, first, to an appreciable decrease in urinary acidity and, 
second, to an increased output of organic acids. The increased 
output of organic acids has usually been attributed to the 
elimination of a certain fraction of the fruit acids which has 
escaped oxidation in the tissues, although the presence of these 
acids in the urine has never been proved. Certain fruits, how¬ 
ever, notably prunes, plums, and cranberries, have been ob¬ 
served to have an opposite effect, that is, to increase rather 
than decrease the total acidity of the urine (Blatherwick and 
Long, ’23) and it has been further observed (Slattery, ’25) 
that the ingestion of from 600 to 750 cc. of apple juice (sweet 
cider) may reduce, rather than increase, the organic acid 
content of the urine. 

That grape juice may also induce a reaction different from 
that of other fruits is indicated by the conflicting results ob¬ 
tained in certain recent investigations. Pickens and Hetler 

• Part of a diss ertation submitted to the faculty of the Division of the Biological 
Sciences of The University of Chicago in candidacy for the degree of doctor of 
philosophy. 
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(’28) have found that as much as 1 quart of grape juice daily 
either had no effect upon, or resulted in a slight lowering of 
the pH of the urine, while Say well (’32) and Pratt and 
Swartout (’33 a) have observed that similar quantities of 
grape juice produced a marked rise in the pH of the urine of 
their subjects. Pickens and Hetler were, however, working 
with commercial Concord juice, while the other investigators 
have used the fresh juice of several varieties of grapes, includ¬ 
ing the Concord. The difference between his results and those 
of Pickens and Hetler, Saywell explains on the basis of the 
probable difference in alkalinity of the fruit juices used, the 
commercially bottled juice being considerably less alkaline 
than the fresh, because of the precipitation of tartrates during 
storage. It is also very probable that different varieties of 
grapes differ markedly in alkalinity of ash, since the alkalinity 
of fresh Concord grape juice is reported by Hartmann and 
Tolman (’18) to be equivalent to 48.6 cc. 0.1 N alkali per 100 cc. 
of juice, while Saywell reports the alkalinity of the ash of his 
mixture of fresh Malaga, Muscat and Petit Sirah juices to be 
equivalent to 74.2 cc. 0.1 N alkali per 100 gm. of juice. In 
this connection it should be noted that Pratt and Swartout 
(’33) have observed that Rochelle salts were considerably 
more effective in reducing the acidity of the urine than was 
potassium bitartrate—a result which is consistent with the dif¬ 
ference in alkalinity of the two compounds. 

Relation of organic acid excretion to acid-base balance. It 
has recently been suggested (Fasold, ’30; Schuck, ’34 a) that 
the excretion of organic acids in normal urine may be an 
important factor in the maintenance of the acid-base balance 
of the blood of healthy persons. Fasold has observed that the 
addition of sodium bicarbonate to an already alkaline (vege¬ 
table) diet greatly increases the output of organic acids, while 
the addition of hydrochloric acid to an acid (meat) diet greatly 
reduces the total organic acid excretion. He has also found 
(’31) that the administration of sodium or potassium salts of 
organic acids, such as citric or lactic acids, has the same effect 
upon the excretion of organic acids as has sodium bicarbonate, 
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while the free organic acids have the same effect as mineral 
acids, that is, they bring about a reduction in the total organic 
acids eliminated. The output of any given organic acid, for 
example, citric or lactic acid, when given by mouth, is some¬ 
times increased, but may actually be reduced in the urine, 
especially in children. These results have recently been con¬ 
firmed and extended by Schuck (’34 b) who reports that total 
organic acid excretion was decreased by the addition of citric 
acid to a constant, slightly acid basal diet, but was doubled or 
even tripled by the addition of chemically equivalent amounts 
of sodium citrate. Cit ric acid excretion was decreased in some 
cases and increased in others as the result of the citric acid 
ingestion, while the sodium citrate brought about a marked 
increase in every case. Additions of sodium bicarbonate to 
the basal diet also brought about small increases in the total 
organic acid excretion and large increases in the citric acid. 

Thus, when alkalies are fed the organic acids in general, 
and citric acid in particular, appear to be important factors 
in excreting the excess. However, the output of no one acid, 
even citric acid (Schuck, ’34 a), is sufficiently increased to 
account for the total increase in organic acid excretion. Ac¬ 
cording to Fasold, therefore, “it is possible that there is a 
group of acids which .... through the summation of their 
small increase in administration of alkali, effect a greatly in¬ 
creased output.” Of the organic acids which may function as 
alkali excrctors Fasold believes citric acid to be the most im¬ 
portant. Others acids which may play a minor role are lactic 
and hippuric. 

It is very probable, therefore, that the increased organic 
acid excretion which usually accompanies a fruit diet does not 
simply represent the excretion of unoxidized portions of the 
fruit acids, but is one of the mechanisms involved in the adjust¬ 
ment of the acid-base balance. As further evidence for this 
view, McLaughlin and Blunt’s observation (’23) of an in¬ 
creased excretion of uric acid after a fruit meal may be cited. 
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EXPERIMENTAL 

The following investigation was undertaken for the purpose 
of studying the effect of grape juice as compared with the 
juice of other fruits and vegetables on the acidity and total 
organic acid content of the urine. A second aim was to de¬ 
termine, if possible, the identity of the organic acids excreted 
on the fruit juice diets. The investigation was divided into 
three separate parts which will be described as experiments I, 
II and in. 

Experiment I 

Method: General procedure, and diet. The first experiment 
was intended to be preliminary only, but the results are of 
sufficient interest to warrant their inclusion here. Five normal 
young women acted as subjects and two different fruit or vege¬ 
table juices were tested on each subject. The experiment was 
divided into four periods of 3 days each, as follows: period 1, 
basal diet; period 2, basal diet plus 1 pint of a specified fruit 
juice; period 3, basal diet; period 4, basal diet plus 1 pint of 
a second fruit juice. One preliminary day for adjustment to 
the fruit juice diet was usually allowed between the basal and 
the fruit juice periods. The basal diet was nearly neutral in 
reaction and the fluid intake was kept constant at about 2 liters. 

The fruit and vegetable juices used were commercially bot¬ 
tled grape juice, both Concord and Catawba; freshly pressed 
juice from Thompson seedless grapes; freshly pressed orange, 
lemon, grapefruit, and pineapple juices; commercially bottled 
loganberry juice, canned sauerkraut juice; and canned tomato 
pulp. 

Chemical analyses. The following determinations were made 
on 24-hour specimens of urine, collected and preserved under 
toluene: pH, colorimetric; titratable acidity, according to Folin 
(’03); and organic acids according to Van Slyke and Palmer 
(’ 20 ). 

Results. A summary of the results of this experiment, to¬ 
gether with the estimated alkalinity of the ash of certain of 
the fruit juices used, is given in table 1. All of the juices tested 
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were effective in decreasing the acidity of the urine, although 
all were not equally so. In general, the rise in the pH of the 
urine appeared to parallel the increase in alkalinity of the ash 
of the fruit juice used. Of the three varieties of grape juice 
tested, the fresh Thompson seedless juice was most effective 
in reducing urinary acidity, while the bottled Concord juice 

TABLE 1 

Average increase in urinary pH and total organic acid excretion of five normal 
women on diets containing 1 pint of a specified fruit or vegetable 
juice, together with the total alkalinity of the ash of 
some of the fruit juices used 1 


FRUIT JUICE 

URINE j 

FRUIT JUICES 

Average 
increase in pH 

Excess 
organic acid 

Excess alkalinity 
of ash per 100 gm. 
juice* 



per cent of 
intake 

cc. N 

Lemon 

0.4 

8.1 

4.55 

Grape, Concord (bottled) 

0.5 

12.5 

1.94 

Grape, Catawba (bottled) 

0.6 

7.0 

.... 

Grapefruit 

0.6 

5.9 

4.08 

Grape, Thompson seedless (fresh) 

0.7 | 

7.3 

.... 

Loganberry 

0.7 

1.9 

.... 

Sauerkraut 

0.7 

7.5 

.... 

Orange 

0.8 

11.8 

5.70 

Pineapple 

0.8 

10.7 

7.20 

Tomato 

1.0 

11.4 

7.19 


1 Figures for Catawba and Thompson seedless grapes, and for loganberry and 
sauerkraut juices are omitted in the table because average figures for these 
juices were not found. 

* Estimated from Sherman ( J 27) and Sherman and Gettler (’IS). 


was least so. It seems highly probable that this result reflects 
a difference in the alkalinity of the ash of the three varieties 
of grapes. A further, very interesting and suggestive result 
of this experiment was that, with the exception of the Concord 
grape juice, the greatest increase in organic acid excretion oc¬ 
curred on the diets containing the most highly alkaline fruit 
juices. 
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Experiment 11 

The second experiment was planned to make a further study 
of the effects of grape as compared with orange and apple 
juices upon urinary acidity and also upon the calcium and 
phosphorus retention of adults. 2 

Orange juice was selected because of the widespread popu¬ 
larity of this fruit juice and because of the reports of other 
investigators as to its effectiveness in reducing urinary acidity 
(Blatherwick and Long, ’22; Chaney and Blunt, ’25) and in 
promoting calcium and phosphorus retention in children 
(Chaney and Blunt, ’25). The apple juice was chosen because 
it seemed desirable to investigate further the decreased 
organic acid excretion found by Slattery (’25). 

Method: General procedure. Since calcium and phosphorus 
retentions were to be determined, a complete metabolism study 
was carried out on each subject. A low-calcium weighed diet 
was taken, and both urine and feces, together with aliquot 
portions of the food, were collected and preserved according 
to the accepted technic for such studies. 

Three normal women served as subjects. Since it seemed 
desirable to study the effects of all three juices in each of the 
three subjects, the experiment was divided into six periods, as 
follows: period 1, basal diet; period 2, basal diet plus 525 gm. 
bottled apple juice (commercial sweet cider); period 3, basal 
diet; period 4, basal diet plus 500 gm. freshly pressed orange 
juice; period 5, basal diet; period 6, basal diet plus 500 gm. 
bottled Concord grape juice. A preliminary period of 3 days 
on the basal diet, without collection of urine or feces, preceded 
period 1. The other periods were separated by one prelimi¬ 
nary day in which the fruit juice was fed, but urine collections 
were not made. 

Diet. Computation of the acid-base content of the various 
diets showed that the basal diet was moderately acid (table 2). 
The apple and grape juice diets were also slightly acid, but 
less so than the basal diet, while the orange juice diet was 

* The data on calcium and phosphorus retention will be reported in a later paper. 
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distinctly alkaline. Using Hartmann and Hillig’s (’30) figures 
for the tartaric and citric acid content of grapes and oranges, 
respectively, and the figures furnished by Slattery (’25) for 
the malic acid content of apple juice, the intake of these acids 
in the quantities of fruit juice ingested was computed to be 
2.1 to 3.9 gm. malic acid in the apple juice, 4.3 gm. citric acid 
in the orange juice, and 3.8 gm. tartaric acid in the grape 
juice. 

Chemical analyses. The following determinations were made 
on the 24-hour specimens of urine: pH, colorimetric, according 
to the method of Hastings, Sendroy and Robson (’25) with the 
use of the Hastings bicolorimeter; titratable acidity, Folin; 


TABLE 2 

Acid-base content of diets used in experiment II 1 


DIET 

PERIOD 

EXCESS IN RESIDUE 

Acid 

Base 



cc.N 

cc.N 

Basal j 

1,3,5 

19.5-23.4 


Basal, plus 525 gin, apple juice 

2 

5.8-10.1 


Basal, plus 500 gm. orange juice 

4 


4.7-8.5 

Basal, plus 500 gm. grape juice 

6 

9.8-13.4 



’Estimated from Sherman ( *27). 


total organic acids, Van Slyke and Palmer (’20); and am¬ 
monia, Folin and Bell (’17). 

Results. In this experiment apple juice proved to be strongly 
laxative for two of the subjects, but not at all so for the third. 
The other two fruit juices were mildly laxative for one subject, 
but not so for the others. The catharsis appears to have had 
little consistent effect upon the acidity of the urine, however. 

The difference in the effects of the three fruit juices is 
clearly shown in figures 1 and 2. Figure 1 indicates that, in 
general, the pH of the urine was raised when approximately 
i liter of orange juice was ingested, but remained the same 
when similar quantities of apple or grape juice were taken. 
Figure 2 shows that the total acid excretion (titratable acid 



600 


BTJTH COWAN CLOUSE 



7 0. Period I Period 11 



7.0. Period III Period IV 


50 . 

6 . 0 . 


(Jrape .juice 


85=fc^::::: 



7 ()_ Period V 


Period VI 


I 

4 


5 


I i i » i l 

7 8 9 10 11 12 

Pay of Test f 


cc.Acid 



Grape Juice 

800. 



Fig. 1 Maximum, minimum and average pH of urine of three subjects on a 
basal diet and on the same diet supplemented with 500 gm. of a specified fruit 
juice (525 gm. in the case of apple juice). The heavy vertical line indicates the 
end of the basal diet. The dotted line indicates preliminary period on fruit juice 
diet. 

Fig. 2 Maximum, minimum and average excretion of total acid (titratablc acid 
plus ammonia) by three subjects on a basal diet and on the same diet supple¬ 
mented with 500 gm. of a specified fruit juice (525 gm. in the case of apple juice). 
Heavy vertical line indicates end of basal diet. Dotted line indicates pre¬ 
liminary period on fruit juice diet. H Ammonia not determined on first test day. 
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plus ammonia) was reduced on both the grape and the orange 
juice diets, but that the reduction was somewhat less marked 
when the grape juice was fed. On the apple juice diet, on the 
contrary, the total acid excretion tended to increase rather 
than decrease. A comparison of figures 1 and 2 shows, rather 
surprisingly, that on the grape juice diet the reduction in total 
acid excretion was considerably greater than would be indi¬ 
cated by the very slight change in pH. 

Organic acids. The excess of total organic acids excreted 
during the fruit juice periods, expressed in terms of per cent 
of intake, was greatest during period 4, when orange juice 
was fed. On the apple juice diet the organic acid excretion 
was actually reduced in two subjects, although an increase 
amounting to 6.4 per cent of the intake was observed in the 
third. In figure 3 are plotted the maximum, minimum, and 
average excretion of total organic acids in all six experi¬ 
mental periods. A comparison of figures 2 and 3 indicates 
that the organic acid excretion tended to be the reverse of the 
total acid excretion; that is, as the total acid output was re¬ 
duced the organic acid output tended to rise. When there was 
little change in the total acid excretion, as on the apple juice 
diets in this experiment, the organic acid output tended to 
remain practically unchanged. 

The C0 2 -combining power of the plasma. Pitz and Van 
Slyke (’17) have found that the total acid excretion (titratable 
acid plus ammonia) bears a fairly close relationship to the 
002 -combining power of the blood, and that the lat ter may be 
computed roughly, with an error of from 3.2 to 7 volumes per 
cent when the following formula is used: 

Plasma CO a capacity = 80 — j/ D/W V C 

where 80 is the maximum C0 2 -combining power of the plasma, 
D the rate of excretion of 0.1 N acid plus ammonia per 24 
hours, W the weight of the individual and C the cc. of 0.1 N 
acid plus ammonia per liter of urine. Recently, Bischoff, 
Sansum, Long and Dewar (’34) have reported that they could 
find no correlation between the plasma bicarbonate and either 
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the pH or the titratable acidity of the urine and, further, that 
any changes which did occur in the plasma bicarbonate as a 
result of feeding substances having either an acid or an 
alkaline residue were well within the range of error reported 
by Fitz and Van Slyke, and also within the range of variation 



Fig. 3 Maximum, minimum and average excretion of total organic acids by 
three subjects on a basal diet and on the same diet supplemented with 500 gm. 

of a specified fruit juice (525 gm. in the case of apple juice). Heavy vertical 

line indicates end of basal diet. Hotted line indicates preliminary period on 
fruit juice diet. 

Fig. 4 Maximum, minimum and average CO a binding power of the plasma of 
three subjects on a basal diet and on the same diet supplemented with 500 gm. 

of a specified fruit juice (525 gm. in the case of apple juice). Heavy vertical 

line indicates end of basal diet. Dotted line indicates preliminary period on 
fruit juice. + Ammonia not determined on first test day. 
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found in the fasting blood (taken before breakfast) of subjects 
on an ordinary diet. It has, nevertheless, seemed worth while 
to compute the values for the CO a -combining power of the 
plasma for the subjects of this experiment according to the 
Fitz and Van Slyke formula. The results of these computa¬ 
tions are presented in figure 4, which shows an apparent 
tendency of the blood to become somewhat more acid on the 
apple juice diet and somewhat more alkaline on both the 
orange and the grape juice diets. It should be observed, how¬ 
ever, that all of the values found in this experiment are 
within the normal range reported by Fitz and Van Slyke, and 
also, for the most part, within the range of error reported for 
the computation. It is therefore quite possible that no signifi¬ 
cant changes occurred in the blood, although the fact that the 
different juices appear to have caused different reactions 
seems of interest. 


Experiment 111 

Method: General procedure. Experiment III was es¬ 
sentially a repetition of experiment II, except that the 
quantity of fruit juice taken was increased to 1000 gm. daily. 
Two fruit juices only, orange and grape (commercially bottled 
Concord), were included and but two subjects were used in the 
study of each fruit juice. 

Diet. The basal diet used in this experiment had a potential 
acidity of 4.9 to 5.3 cc. of normal acid daily. Both of the fruit 
juice diets were potentially alkaline, the grape juice diet hav¬ 
ing a potential alkalinity of 13.0 to 14.1 cc. of normal alkali 
per day, while the orange juice diet contained an excess of 
50.2 to 51.2 cc. of normal alkali daily. The tartaric acid in¬ 
take in the grape juice diets, estimated as in experiment II, 
was probably in the neighborhood of 7.6 gm. daily. Since 
Hartmann and Ilillig (’30) have recently reported that grapes 
also contain an average of 0.023 per cent of citric acid, the 
intake of citric acid on the grape juice diet probably amounted 
to about 0.23 gm. daily. The citric acid in the orange juice, 
as determined by Schuek (’34 a) amounted to 8.51 gm. daily. 
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Chemical analyses. pH, titratable acidity, and total organic 
acids were determined on the 24-hour specimens of urine as 
in experiment I. Ammonia determinations were not made, 
but instead the uric acid and citric acid output was determined 
daily, the former by the Folin-Shaffer method (described by 
Mathews, ’30), and the latter by the method described by 
McClure (’22). 3 



Period I iVriod n R 

i i t l I i i i < l i i l 

4 f> 6 7 8 9 10 1J 12 13 U 15 10 

Day of T#«t 

Fig. 5 Maximum, minimum and average pH of urine of two subjects on a 
basal diet and on the same diet supplemented with 1000 gm. of a specified fruit 
juice. Heavy vertical line indicates end of basal diet. Dotted line indicates 
preliminary period on fruit juice diet. 

Results. No laxative effects of either of the fruit juices 
used were felt by any of the subjects in this experiment. 

Urinary acidity and total organic acids. The results of 
experiment III are presented in figures 5 and 6. Figure 5 
shows that the larger quantity of orange juice brought about 
a very distinct lowering of the acidity of the urine, the effect 
of 1000 gm. of orange juice being much more marked than 
that of a similar quantity of grape juice. A comparison of 

* The citric acid determinations were made by Miss Cecilia Shuck as a part of a 
further study of the metabolism of this acid ( ; 34a). 
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figures 1 and 5 also shows that the larger quantities of juice 
were decidedly more alkalinizing than the smaller quantities 
used in experiment II. 

Figure 6 shows that in this experiment the increase in the 
output of total organic acids was quite similar on the two 


oe.Aoui 

OlN Orange Juice 

700. 



Period I Period JIa 

I I » I I i I • i i < t i 

4 5 6 7 8 9 10 11 12 13 14 15 16 

Day of Test 

Fig. 6 Maximum, minimum and average excretion of total organic acids by two 
subjects on a basal diet and on the same diet supplemented with 1000 gm. of a 
specified fruit juice. Heavy vertical line indicates end of basal diet. Dotted 
lino indicates preliminary period oil fruit juice diet. 

juices, the increase again being greater than that which oc¬ 
curred in experiment II (fig. 3). 

Uric and citric acids. Table 3 shows that the output of both 
uric and citric acids was increased in all subjects on both the 
grape and orange juice diets. The increased uric acid output, 
while not large, was sufficient to account for 2.3 to 12.8 per 
cent of the average increase in total organic acids during the 
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fruit juice periods. On the orange juice diet the increase in 
citric acid output amounted to an average of 0.234 and 0.457 
gm. per day, or 2.8 to 5.4 per cent of the intake. On the grape 

TABLE H 

Average total organic , uric and citric acid output of four normal women on a 
basal diet and on the same diet supplemented with 100 gm . 
of a specified fruit juice 




ACin OUTPUT PER 24 HOURS 

Dir.T 

SUBJECT 

-~ 

--- 

i 



Total organic 

Uric 

j Citric 

i 


Grape juice 





cc. 0.1 N 

cc. 0.1 N 

cc. 0.1 A r 

Basal 

C 

525 

0.394 

0.871 


II 

447 

i 

0.303 

0.634 

Basal plus 1000 gm. grape juice 

c 

590 

0.470 

1.019 


II 

549 

0.382 

0.909 

Orange juice 

Basal 

R 

512 

0.341 

0.058 


K 

442 

0.441 

0.452 

Basal plus 1000 gm. orange juice 

R 

025 

0.422 

1.115 


K 

537 

0.479 

0.080 


TABLE 4 

Comparison of the sum of the excess uric plus citric acids excreted on diets 
containing 1000 gm. of a specified fruit juice with the excess of 
total organic acids excreted on the same diet 


FRUIT 

JUICE 

SUBJECT 

EXCESS ACID 

Total 

organic 

Uric 

Citric 

Uric plus citric 

Undetermined 



cc. O.lH 

cc. 0.1N 

cc. 0.1$ 

cc. 0.1N 

per cent 

cc. 0.1N | per cent 

Orange 

K 

94.0 

4.5 

30.5 

41.0 

44 

53.0 

56 

Orange 

R 

113.0 

9.0 

71.4 

81.0 

72 

32.0 

28 

Grape 

C 

70.2 

9.0 

23.1 

32.1 

36 

48.1 

64 

Grape 

H 

100.4 

2.3 

41.7 

44.0 

44 

56.4 

56 


juice diet the increase in citric acid amounted to the surpris¬ 
ingly high average of 0.148 and 0.275 gm. per day, an increase 
of 64 per cent of the intake in one subject, and more than 100 
per cent in the other. Table 4 shows that the sum of the 






FETJITS AND COMPOSITION OF URINE 


607 


excess uric plus citric acids in the urine during the fruit juice 
periods represents 44 and 72 per cent of the excess organic 
acid on the orange juice diet, and 36 and 44 per cent of the 
excess acid output on the grape juice diet. This leaves ap¬ 
proximately one-quarter to one-half of the excess organic acid 
unaccounted for on the orange juice, and about one-half to 
two-thirds unaccounted for on the grape juice diets. 

It is regrettable that determinations of tartaric acid output 
could not have been made in this study. However, the work 
of other investigators throws some light on this point. Pratt 
and Swartout (’33 b) were unable to find tartaric acid in the 
urine of their subjects after the ingestion of 1000 gm. grape 
juice, although they say that they “could not devise a practi¬ 
cal procedure that would detect tartrates in a solution more 
dilute than one part in two thousand.” Finkle (’33) has ob¬ 
served that 85 to 98.5 per cent of pure neutral sodium tartrate 
injected intramuscularly appeared in the urine within a few 
hours, but both Finkle and Underhill and his associates (’31) 
report that when from 1 to 10 gm. of either tartaric acid or 
its salts are taken b\ mouth a maximum of 20 per cent of the 
quantity ingested appears in the urine. No tartaric acid has 
been found in the feces in the investigations quoted, but the 
decomposition of the tartrates by human intestinal contents 
and by the common fecal bacteria has been observed by Pratt 
and Swartout (’33 b) and by Underhill and his associates 
(’31). It is concluded by the latter investigators that a small 
portion only of the tartrate taken by mouth is absorbed by 
man and that the human body has no power of oxidation of 
tartaric acid. 

In view of the above facts, it is possible, though it hardly 
seems probable, that the entire amount of undetermined ex¬ 
cess acid in the urine on the grape juice diet was tartaric. 
If such had been the case, the total excretion of tartaric acid 
would have amounted to something less than 5 per cent of the 
intake. In any event, it is not possible to explain the failure 
of grape juice to lower the pH of the urine as efficiently as 
does orange juice on the basis of the excretion of large 
quantities of tartaric acid. 
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SUMMARY 

The effect of various fruit and vegetable juices, especially 
of bottled apple juice, fresh orange juice, and bottled Concord 
grape juice, upon the urinary acidity and total organic acid 
output of normal adult women has been compared, with the 
following results: 

1. The ingestion of orange juice has produced a more 
marked effect upon the alkalinity of the urine (as measured 
by an increase in pH and a reduction in titratable acidity and 
ammonia) than has the ingestion of either grape or apple 
juice. 

2. The effect of bottled Concord grape juice has been vari¬ 
able, although usually in the direction of an alkalinization of 
the urine. 

3. The effect of apple juice has also been variable, with a 
tendency toward an increased acidity of the urine. 

4. Both grape and orange juices tend to produce an increase 
in the C0 2 -combining power of the blood, as calculated by Ihe 
Fitz and Van Slyke formula. Apple juice, on the contrary, 
tends to produce a decrease in C0 2 -combining power. 

5. The ingestion of both grape and orange juices produces 
an increased excretion of organic acids. The ingestion of 
apple juice, however, is often accompanied by a decreased 
organic acid output. 

6. The increase in organic acid output observed on both the 
orange and grape juice diets is in part due to an increased 
excretion of uric plus citric acids. The increase in organic 
acid output is not entirely due, therefore, to the excretion of 
unoxidized remnants of individual fruit acids. 

7. The data on organic acid excretion obtained in this in¬ 
vestigation are believed to support the suggestion that the 
organic acids play a significant role in the maintenance of 
acid-base balance in the body. 



FRUITS AND COMPOSITION OF URINE 


609 


Acknowledgment is gratefully made to Dr. Katharine Blunt 
for the suggestion of this problem; to Dr. Lydia Roberts and 
other members of the Department of Home Economics and 
Household Administration for their helpful interest and ad¬ 
vice during the progress of the work; to Mrs. Vida Wentz for 
technical assistance in the determination of ammonia in the 
second experiment; and to the students who willingly served 
as subjects in the various experiments. 

LITERATURE CITED 

Bischoft, F., W. I). Sansum, M. L. Long and M. M. Dewar 1934 The effect 
of acid ash and alkaline ash foodstuffs on the acid-base equilibrium of 
man. J. Nutrition, vol. 7, p. 51. 

Blatiierwick, N, It., and M. L. Long 1922 Studies in urinary acidity. J. 
Biol. Chem., vol. 53, p. 103. 

- 1923 Studies in urinary acidity. J. Biol. Chem., vol. 57, p. 815. 

Chaney, M. S., and K. Blunt 1925 The effect of orange juice on the calcium, 
phosphorus, magnesium, and nitrogen retention and urinary organic 
acids of growing children. J. Biol. Chem., vol. 66, p. 829. 

Fa sold, II. 1930 Heitriige /urn Saure-Basen ITaushalt. Zeitschr. f. Kinderheilk., 
Bd. 49, 8. 709. 

- 1931 tlber die Bedeutung der organisehen Saurcn im Saure-Basen 

liaushalt. Klin. Wochensehr., Bd. 10, 8. 961. 

Finkle, P. 1933 The fate of tartaric acid in the human body. J. Biol. Chem., 
vol. 100, p. 349. 

FlTZ, R., AND D. D. Van Slyke 1917 Studies of acidosis. J. Biol. Chem., vol. 
30, p. 389. 

Folin, O. 1903 The acidity of urine. Am. J. Physiol., vol. 9, p. 25. 

Foun, O., and R. I>. Bell 1917 Applications of a new reagent for the sepa¬ 
ration of ammonia. J. Biol. Chem., vol. 29, p. 329. 

Hartmann, B. G., and F. ^Iillig 1930 Determination of citric acids in fruits. 

J. Assoc. Official Agr. Chem., vol. 13, p. 99. 

Hartmann, B. G., and L. M. Tolman 1918 Concord grape juice: Manufacture 
and chemical composition. F. S. Dept. Agri. Bull. 656. 

Hastings, A. B., J. 8. Sendkoy and W. Robson 1923 Studies of acidosis. J. 
Biol. Chem., vol. 65, p. 381. 

McClure, W. B. 1922 The adaptation of the pentabromacetone method to the 
quantitative determination of citric acid in the urine. J. Biol. Chem., 
vol. 53, p. 357. 

McLaughlin, L., and K. Blunt 3923 Urinary excretion of organic acid and 
its variation with diet. J. Biol. Chem., vol. 58, p. 267. 

Mathews, A. P. 1930 Physiological Chemistry, 5th ed. William Wood & Co., 
New York. 

Pickens, L. M., and R. A. Hetler 1928 The effect of grape juice on nitrogen 
retention and urinary acidity. J. Home Fconomics, vol. 20, p. 250. 



610 


RUTH COWAN CLOUSE 


Pratt, 0. B., and H. 0. Swartout 1933 a Tartrato metabolism. I. J. Lab. 
Clin. Med., vol. 18, p. 354. 

- 1933 b Tartrate metabolism. TI. J. Lab. Clin. Med., vol. 18, p. 

366. 

Saywell, L. G., 1932 The effect of grapos and grape products on urinary 
acidity. J. Nutrition, vol. 5, p. 103. 

Sherman, H. C. 1927 Chemistry of food and nutrition. 3rd ed., The Macmil¬ 
lan Company, New York. 

Sherman, H. C., and A. 0. Gettler 1912 The balance of acid-forming and 
base-forming elements in foods and its relation to ammonia metabo¬ 
lism. J. Biol. Chom., vol. 11, p. 323. 

Schtjok, C. 1934 a Urinary excretion of citric acid. I. J. Nutrition, vol. 7, 
p. 679. 

- 1934 b Urinary excretion of citric acid. II. J. Nutrition, vol. 7, 

p. 691. 

Slattery, Sister Mary Laurita 1925 The total weak acid and total organic 
acid content of cider and the effect of cider upon urinary acidity. 
Unpublished Master’s thesis, Department of Home Economics, The 
University of Chicago, 

Underhill, F. P., F. I. Peterman, T. C. Jaleski and C. 8. Leonard 1931 
Studies on the metabolism of tartrates. J. Pharm. and Exp. Tlierap., 
vol. 43, p. 38. 

Van Slyke, D. !>., and W. W Palmer 1920 Studies of acidosis. J. Biol. 
Chcm., vol. 41, p. 567. 



EXPERIMENTAL STUDIES ON THE HYPOPHYSIS 

CEREBRI 

IV. THE EFFECT OF VITAMIN E DEFICIENCY IN THE FEMALE 

ALBINO RAT 

SAM I. STEIN 

Department of Anatomy, University of Minnesota, Minneapolis 
(Received for publication October 17, 1934) 

INTRODUCTION 

Vitamin E deficiency seems to operate differently from 
general inanition and various other combined inanition factors 
in bringing about sterility, especially in the female. Since it 
had been proved that the hypophysis was closely related to 
reproduction (Smith, ’26; Smith and Engle, ’27; Ascheim and 
Zondek, ’27; Evans and Simpson, ’28), investigators sought to 
determine in what manner the hypophysis affected or was 
affected by this type of sterility. 

Evans, Burr and Althausen (’27) found on feeding various 
tissues to animals deficient in vitamin E that the hypophysis 
was slightly richer in that vitamin than any other gland. 
Verzar (’29) showed that an abundance of vitamin E has a 
great stimulating action on the sexual cycle. Preparations 
containing vitamin E, administered either by mouth or sub¬ 
cutaneously, induced precocious sexual maturity in young 
female rats, acting similar to anterior lobe hormone. Vitamin 
E also required the presence of the ovaries for its activity, 
indicating that it is not directly a building stone of the ovarian 
hormone, but rather a stimulating or regulating substance for 
the ovary, as is also the secretion of the anterior lobe of the 
hypophysis. Verzar suggested that vitamin E may even be 
necessary for the building up of the latter. 
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The earliest anatomical report regarding the effect of vita¬ 
min E deficiency on the hypophysis was made by Van 
Wagenen (’25), who found that in the male rat the hypophysis 
resembles that of a gonadectomized animal Similar findings 
for the male have been reported by Nelson (’32, ’33) and 
Mason (’33). 

The female rat hypophysis is apparently not affected by a 
deficiency in vitamin E, according to Stein (’31, a preliminary 
report), Nelson (’32, ’33) and Mason (’33). Only Biceglie 
(’28) claims to have found a scarcity of acidophil and basophil 
cells in E-deficient female rats. He attributes these changes 
to profound degeneration of the ovaries, which also is an 
observation that none of the other authors have reported. In 
order to check the above findings more carefully, data derived 
from ninety-one female albino rats have been worked up 
statistically and summarized in this paper. 

MATERIAL AND METHODS 

A. Material 

The hypophyses used in this investigation were derived from 
ninety-one female albino rats (Mus norvegicus albinus) of 
standard vigorous stock carefully reared and kept from birth 
to time of autopsy. These animals were used by Dr. J. A. 
Urner in his studies of “Changes in the uterus and mammary 
glands of white rats deficient in vitamin E.” The following 
account taken from his outline indicates how the animals were 
reared. 

The low vitamin E diet used in this investigation was de¬ 
veloped and furnished by Dr. G. 0. Burr, and consisted of 
casein 60, sucrose 90, salts 9 and lard 40. In addition each 
animal was individually fed 0.6 gram of powdered yeast and 
three drops of cod liver oil. This diet was selected because it 
was found by Evans and Burr (’25) that similar diets, high in 
sugar, fulfilled all the requirements necessary for growth, but 
gave no first litter fertility. 

The animals were mated on or about the seventy-fifth day 
of life. The finding of sperm in a vaginal smear, taken twelve 
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hours after the female was put into the male’s cage, was con¬ 
sidered as evidence that fertilization had taken place and 
gestation was considered as having begun. When a positive 
breeding was diagnosed by finding of sperm, a vaginal smear 
was taken on the fourteenth day for the red blood cell sign. 
When this was found, the animal was isolated and weighed 
daily up to the twenty-fifth day, to detect resorbing or normal 
pregnancy. 

The careful rearing and control of this group of pregnant 
animals, on a low vitamin E diet, from birth through their 
first pregnancy permitted establishment of a normal for these 
animals deprived of vitamin E. They were quite normal in 
appearance in all respects save that the young were absorbed. 

After the entire group of animals were carried through this 
‘sterility’ observation on the low vitamin E diet, the animals 
were devided into two groups. One remained on the diet used 
throughout the early work, and the other received a ‘curative’ 
dose of 0.4 gram of wheat germ daily. Approximately forty 
animals remained in each group 

The second breeding was carried out in the same manner as 
the first and when a positive breeding was diagnosed, the ani¬ 
mal was scheduled for killing upon some particular day of her 
pregnancy. The cured animals were given their cured ration, 
beginning with the date of finding sperm in the vagina. 

No attempt was made to select animals for one group or 
the other, and no attention was paid to the division of sister 
litter mates. 

Beginning with the seventh day of gestation, animals of the 
‘low E’ group and ‘cured’ controls were killed on each succes¬ 
sive day, up to and including the twenty-second day. 

B. Methods 

The animals were killed by being placed in a closed jar con¬ 
taining chloroform. 

The gross weight, body length and tail length were recorded. 
The material was fixed in 10 per cent neutral formalin. 

The sections were cut at 5 m- A volumetric study of the three 
lobes, a differential cell count and a histologic survey of the 
anterior lobe were made. 

For the volumetric procedure the method followed was that 
of Hammer (’14). Every tenth section was mounted and 
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stained with haematoxylin and eosin. The image of each sec¬ 
tion, magnified 33 diameters, was out-lined on paper of uni¬ 
form thickness, cut out, and the paper weighed on a chemical 
balance, from which the percentage of each lobe was calculated. 

For the histological study and differential cell count, about 
five sections at well-distributed intervals were taken, stained 
with a modified Mallory’s triple connective tissue stain so that 
the nuclei stood out clearly, and made the cell count more 
reliable. 

Three types of cells were distinguished similar to most 
classifications, namely, eosinophils, basophils and neutrophils. 

About 8000 cells were counted in each gland. 

No study of pars tuberalis was made for it had been left 
attached to the brain during autopsy procedure. 

For further details regarding technical methods and for 
statistical formulae, the reader is referred to previous reports 
of the author’s (Stein, ’33 a, ’33 b). 

I want to take this opportunity to thank my advisers, Dr. 
A. T. Rasmussen, and Dr. C. M. Jackson, for the valuable 
information they supplied during the course of the work, and 
Dr. J. C. TJrner for permitting me to use the material which 
made this study possible. 


RESULTS 

A. Age, body weight and body length 

A difference of 17 days exists between the average age of the 
two groups of animals. This is a possible significant differ¬ 
ence (table 1), but probably does not have any effect on the 
results, for organ weights are much more closely related to 
body length or body weight (Freudenberger, ’32; Donaldson, 
’24). 

No significant difference is found in body weight (table 2) or 
body length (table 3). 
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B. Weight of the whole hypophysis 

Since pregnancy does not cause any change in the whole 
weight of the hypophysis in the rat (Stein, ’33 b, ’34), any 
change that had occurred in either of these two groups would 


TABLE 1 

Statistical constants for age of animal , days 


ANIMALS 

NO. 

M ± S.E.m 1 

Diff. ± S.E.Diff 1 

Diff. S.E.Diff. 1 

p 1 

C.V. 1 

E-deficicnt 

19 

136 ± 6.39 




17 

Ecured 

19 

153 ± 6.45 

17 ± 8.41 

2.02 

4.3 

18.3 


1 M = moan; S.E.m = standard error of mean; Diff. = difference between the 
mean of the control and the mean of the test; S.E.Diff. === difference divided by 
the standard error of the difference; P —number of chances in 100 that the 
differences may be due to errors in random sampling; C.V. = coefficient of 
variation. 


TABLE 2 

Statistical constants for body weighty grams 


ANIMALS 

NO. 

M ± S.E.m 

Diff. ± S.E.Diff. 

Diff. S.E.Diff. 

p 

C.V, 

E-deficient 

19 

229.6 ± 5.40 




10.2 

E-cured 

19 

241 ± 7.03 

11.4± 8.87 

1.29 

20.0 

12.7 


TABLE 3 

Statistical constants for body lengthy centimeters 


ANIMALS 

NO. 

| 1 

1 M ± S.E.m j 

j 1 

Diff ± S.E.Diff. 

Diff. S.E.Diff. 

i 

p 

C.V. 

E-dofioient j 19 

E-cured 1 IS) 

20.2 ± l).4!> 

20.2 ± 0.8 7 

0 ± 0.61 

o 

0 

10 5 
7.8 

TABLE 4 

Statistical constants for weight of whole 

hypophysiSy m diagrams 


ANIMALS 

NO. 

M ± S.E.m 

Diff. ± S.E.Diff. 

Diff. S.E.Diff. 

p 

C.V. 

E-deficient 
E-cured 

19 

19 

12.41 ± 0.48 
12.8 -t 0.67 

0.3!) ± 0.82 

0.47 

6,8.0 

16.3 

22.8 


undoubtedly be due to the deficiency in vitamin E. However, 
no significant difference was found in the average weight of 
the whole gland of these animals (tal)le 4). 






616 


SAM X. STEIN 


La +i 


on 6 o 


£ Oi 
Ol on W 

d a® 
+1 e +i 

oi etf o 
00 Q* O 


0> 

«** to Tf< IO 

q §©o 
o o o 

+1 1 +1 +1 

o i « «o 

O Oi 01 



VITAMIN E DEFICIENCY IN FEMALE BAT 


617 


C. Absolute and relative volume of the lobes 

It is unnecessary to quote the individual figures listed in 
table 5 to show the striking similarity which exists between 
the absolute and relative weights of the various lobes of the 
two groups. Certainly, there is no evidence that vitamin E 
affects any of the individual lobes. Furthermore, on compar¬ 
ing the relative weights of the various lobes of these groups 
with those of normal non-pregnant or pregnant animals (Stein, 
’33 b, ’34), no significant difference is found. 

D. Relative number of different, types of cells in the anterior 

lobe 

A possible significant difference may be present in the differ¬ 
ential cell count (table 6). There are about 2.8 per cent more 
chromophobes in the cured group, with a corresponding in- 


TABLE 6 

Statistical constants of percentages for differential count of cells in anterior lobe 


ANIMALS 

M ± S.E.m 

Diff. ± S.E.Diff. 

Diff. S.E.Diff. 

p 

E-deficient 

E-cured 

! 

80.77 ± 1.00 
83.56 ± 0.73 

Chromophobes 

2.79 ± 1.24 

2.25 

2.4 

E-deficient 

E-cured 

17.60 ± 1.01 
14.72 ± 0.73 

Acidophils 

— 2,88 ± 1.25 

2.31 

2.1 

E-deficient 

E-cured 

1.63 ± 0.10 

1.72 ± 0.07 

Basophils 

0,09 ± 0.13 

0.71 | 

48 


crease of about 2.9 per cent of acidophils in the deficient group, 
the percentage of basophils having remained equal. Since the 
significance of the difference between the means was tested by 
the statistical principle that a difference between two means is 
possibly significant when it is two times its standard error, 
and probably significant when it is three times its standard 
error, the differences noted above are probably not signifi¬ 
cant, for both of them are only slightly more than two times 
their standard error (table 6). As was mentioned, the per- 
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centage of basophils showed no significant difference (1.63 per 
cent for the deficient group and 1.72 per cent for the cured 
group). Since it is the basophilic cell which alters as a result 
of a deficiency of vitamin E in the male, the similarity of the 
above two figures indicated that no such change occurs in the 
female. 

HISTOLOGY 

No sign of the typical castration cell could be found in any 
of the glands, either of the deficient or cured group, such as 
were found in the vitamin E-deficient male rat hypophyses. 
This finding for the female is in agreement with that of Nelson 
(’32) and Mason (’33). 


CONCLUSIONS 

1. No significant differences were found in the weight of the 
whole hypophysis or in the absolute and relative volume of the 
lobes in nineteen female white rats made sterile by a deficiency 
of vitamin E, as compared with the lobes of the hypophysis 
from nineteen pregnant white rats cured of vitamin E 
deficiency. 

2. A differential count of the cells in the anterior lobe shows 
that there is probably no significant difference in the percent¬ 
age of the cured and non-cured. This is particularly true for 
the basophilic cells. 

3. No evidence of any histological change could be found re¬ 
sulting from the vitamin E deficiency such as has been claimed 
for the male animal. 
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The presence of vitamin E in eggs was established early in 
the investigations on the occurrence of this factor. Evans 
and Burr (’27) describe rat feeding experiments which showed 
that one-third of a whole egg fed daily as a supplement to a 
vitamin E-deficient diet, permitted normal reproduction. How¬ 
ever, they failed to obtain litters when 100 mg. of an ether 
extract of egg yolk when fed daily as a curative dose to female 
rats suffering from vitamin E-deficiency. Card et al. (’30) 
have recently studied the performance of pullets raised on a 
vitamin E-deficient diet. Their experiments indicated that 
vitamin E was essential to normal reproduction in the fowl. 
In studying the possible relationships of vitamin E to egg 
hatchability and the development of the chick, Adamstone 
(’31) showed that fertile eggs produced by pullets fed on 
vitamin E-deficient rations failed to hatch a normal proportion 
of healthy chicks. The embryos from eggs produced on the 
deficient diets usually died by the end of the fourth day of 
incubation or shortly thereafter. In discussing embryonic 
mortality and its probable cause in the chick, Byerly (’30) 
showed that the early peak in the mortality curve occurred 
on the third day, and also reported the frequent occurrence of 
a peak in the curve at about the middle ot the incubation 
period. 
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The possible destruction or inactivation of vitamin E in the 
diet is suggested from the work of Mattill ( ’ 27 ), who reported 
results showing the high sensitivity of vitamin E to the de¬ 
structive action of rancidity in fats. That the efficacy of a 
given source of vitamin E depends upon the presence or ab¬ 
sence of certain associated fats which function either as pro- 
or anti-oxidants was further shown by Cummings and Mattill 
(’31), who attributed the inactivation of the vitamin to the 
action of peroxides developed during auto-oxidation of fats. 

The results presented in this paper on the influence of the 
diet of the hen on the vitamin E content of the egg were ob¬ 
tained during the progress of studies on the nutritive aspects 
of egg composition which have been in progress for a number 
of years. Work has already been reported on some relation¬ 
ships of the diet of the hen to the chemical composition (Titus 
et al., ’33), the hatchability (Bverly et al., ’33 a, b), and the 
vitamins A, B and Gr contents (Ellis et al., ’33) of the eggs. 
Diets low in vitamin E or especially supplemented in this 
factor were also fed. Determination of the differences in 
vitamin E content of eggs produced on different diets as well 
as studies on the presence and stability of vitamin E in the hen 
diets were made by means of rat feeding tests. 1 

PLAN OF EXPERIMENT 

The vitamin E studies extended over a 3-year period on 
eggs obtained from three series of poultry feeding experi¬ 
ments run in successive years from 1930 to 1933. Each poultry 
feeding experiment was started in September and was termi¬ 
nated the following August. Rhode Island Red pullets or 

•The experimental feeding of the hens was conducted under the direction of 
Harry W. Titus, while the hatchability studies wctc made under the supervision 
of Theodore C. Byerly, of the Office of Poultry Investigations. The investigations 
on vitamin E described in this paper were carried out in the nutrition laboratory 
under the supervision of N. R. Ellis, also of this division. The material presented 
in this paper was taken from the dissertation presented to the School of Hygiene 
and Public Health of the Johns Hopkins University by the author in partial fulfill¬ 
ment of the requirements for the degree of doctor of science. The interest and 
advice of Prof. E. V. McCollum in the problem is gratefully acknowledged. 
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yearling hens were used in all the work. The housing and 
management together with the general plans for compounding 
the diets of the hens have been described in earlier papers by 
Titus et al. (’33), Byerly et al. (’33) and Ellis et al. (’33). 

Most of the vitamin E studies have been related to com¬ 
parative work between a normal hen diet on the one hand and 
various modifications of a deficient diet on the other. The 
normal diet (no. 1) consisted of 72.3 per cent of the basal 
mixture of yellow corn meal, wheat bran, rolled oats and 
alfalfa leaf meal, 20 per cent of a protein supplement com¬ 
posed of meat meal, fish meal and dried buttermilk, together 
with minerals and cod liver oil. The five deficient diets studied 
contained pearled hominy, minerals and cod liver oil, together 
with protein and vitamin supplements. The protein level was 
kept at 20 per cent by adjustment of the hominy and meat scrap 
or buttermilk. Following is the list of diets showing the 
protein and vitamin supplements: 

No. 2 Pry yeast cells (15 per cent) and meat scrap. 

No. 3 Kice bran (15 per cent) and meat scrap. 

No. 3a The no. 3 diet treated with ferric sulphate to inactivate the vitamin E. 
No. 4 Dried buttermilk. 

No. 5 Wheat germ (15 per cent) and meat scrap. 

No. 6 Meat scrap (the basal deficient diet) and one head of lettuce daily for 
every seven birds. 

Diets 1 and 3 were used all 3 years and the other diets dur¬ 
ing a single year. The eggs produced by the birds on these 
diets were studied both for their hatchability 2 and their vita¬ 
min E content. The testing of the eggs produced, as well as 
the diets fed to the hens for their vitamin E content were 
carried out on rats according to the general technic used by 
Evans and Burr (’27) and further studied on male rats by 
Mason (’29). 

Male and female rats, when 4 weeks old, were placed in 
individual cages, with raised screen bottoms, and fed a basal 
vit amin E-deficient diet. This diet consisted of: alcohol ex- 

* The results of hatchability studies made under the supervision of Dr. Theodore 
C. Byerly were kindly made available for reference in the present paper in order 
to show certain relationships of embryonic mortality to the vitamin E content. 
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traded casein 20 per cent; lard 15 per cent; minerals 3 4 per 
cent, agar 1 per cent; dry yeast 8 per cent; and corn dextrin 
52 per cent. The cod liver oil was fed in separate glass con¬ 
tainers to prevent its coming in contact with the lard in the 
diet. 

The young females were mated for initial pregnancies at the 
age of 100 days. After observance of the mating plug, the 
animals were left in individual cages, examined for the im¬ 
plantation sign at the appropriate time, then weighed daily 
until delivery of litter or if no litter resulted until approxi¬ 
mately the twenty-third day. Evidence of resorption rested 
primarily upon the weight curve. After initial resorption, 
feeding of the test mat erial was started and the females again 
mated. 

The testing of the poultry diets was done by supplementing 
the vitamin E-deficient rat diet with daily feedings at various 
levels of the poultry diet or of the substitution of the poultry 
diet for the vitamin E-deficient diet. Since rancidity has been 
shown to be an important factor in the destruction of vitamin 
E, the poultry diet supplements were fed in separate con¬ 
tainers in order to prevent their coming in contact with the 
basal rat diet. 

The eggs for the reproductive studies were collected and 
stored at approximately 7°C. The eggs were seldom over 
2 weeks old when used, and were prepared for feeding by 
mixing the entire egg and pipetting the desired amount into 
sm'all dishes. The egg testing was done during the spring 
and summer months during the period of maximum egg pro¬ 
duction. Lettuce and wheat germ were also tested both from 
the point of view of a check on the performance of the rats 
and on the material used in the hen diets. In the usual case 
the test material was fed approximately 2 weeks prior to con¬ 
ception and throughout the gestation period. All feedings 

* Calcium carbonate 75.1 parts; calcium phosphate (dibasic) 107.0 parts, potas¬ 
sium phosphate (monobasic) 09.8 parts; potassium sulphate 22.0 parts; mag¬ 
nesium carbonate 21.0 parts; potassium carbonate 35.4 parts; sodium chloride 
35.0 parts; ferric citrate 6.3 parts; potassium iodide 0.25 parts; manganese 
sulphate 1.0 parts; sodium fluoride 0.5 parts; potassium aluminum sulphate 
0.5 parts; sodium silicate 1.0 parts; and copper sulphate 0.5 parts. 
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were strictly comparable even though carried over a longer 
period than is generally considered necessary for prevention 
of resorption. The sharpness of the results of the test feed¬ 
ing at definite daily levels attest to their validity. Emphasis 
was thus placed upon the comparative daily effective dose 
rather than the total amount of supplemental material. For 
example, eggs produced from hens on the normal diet fed at 
a 3-cc. level were only partially effective in preventing resorp¬ 
tions, while the 5-cc. level was totally effective. If a resorp¬ 
tion as determined in the usual manner resulted in the second 
gestation, the female was used in test work again. After the 
female had undergone three or four resorptions, she was fed 
sufficient tost material to produce a litter, thus proving her 
reproductive efficiency. After a litter, females were always 
allowed to mate and undergo resorption to insure depletion 
before being used for test work again. 

Male rats were also used during the first year’s work. Inas¬ 
much as impairment in the male is permanent, the pro¬ 
phylactic type of experiment was used in order to study the 
preventive effect of the test material. In these tests the male 
rats were given daily test feedings of eggs or other material 
to be tested when started on the experiment. They were 
allowed to remain on this regimen for lit) days and were then 
studied for the dietary effects on testicular degeneration. 
In some cases functional tests were made, but, in general, 
the routine studies were made by; a) an examination of the 
spermatozoa by clipping the epididymis and noting motility, 
clumping and aspermia; b) histological study of both right 
and left testes; c) weight of trimmed testes. The weight of 
the testes was taken and the percentage of the normal was 
calculated according to Donaldson (’24). 

RESULTS 

Lettuce and wheat germ. One group of female rats was fed 
5 gm. of fresh head lettuce daily during the entire gestation 
period. There were seven pregnancies in this series and four 
of these resulted in litters, while the remaining three termi- 
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nated in resorptions. Two controls fed lettuce supplements 
at the rate of 2.5 gm. daily in the prophylactic series produced 
normal and healthy litters. The lettuce fed in these experi¬ 
ments was the solid type of head lettuce obtained on the local 
market and no effort was made to select it according to the 
greenness of the leaves or to separate the leaves from the 
stock. Evidently this lettuce contained less vitamin E than 
that used by Evans and Burr (’27), since they found that 
2.5 gm. daily doses of fresh green leaves fed therapeutically 
was effective in preventing resorptions. 

Another control group was fed approximately 2.0 gm. of 
wheat germ daily. Eight pregnancies were studied in this 
series and each one resulted in a litter. Several rats in this 
series were allowed to re-mate a few weeks later, after being 
placed on the deficient ration without supplements of wheat 
germ or other sources of the reproductive factor. The result¬ 
ing pregnancies also terminated in normal litters. In addi¬ 
tion to the excess in the minimum effective dose indicated in 
feeding 2 gm. daily, further data are available showing that 
1 gm. of wheat germ was sufficient to produce normal litters. 

The poultry diets. The two diets most extensively used in 
the hatchability studies were the normal diet and the deficient 
rice bran diet. These diets were typical of those fed to 
pullets and hens which produced eggs of normal and of low 
hatchabilities. The diets were first tested for vitamin E con¬ 
tent without the cod liver oil incorporated. As shown in 
table 1, little or no difference in their vitamin E content was 
found, since rats fed 5 gm. daily of either of the two diets were 
unable to produce litters, while 10 gm. of both diets permitted 
normal births. 

The apparent difference in response of the rat and the hen 
to these two diets suggested a further examination of the 
diets with the cod liver oil incorporated into them at the same 
level and under comparable time and temperature conditions 
as fed to the hens. Accordingly, the cod liver oil was added 
at the rate of 2 per cent to the normal diet and the rice bran 
diet, which were then held in trays to permit free access of 
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air at a temperature of approximately 25 °C. for 10 days. 
These rations were then tested for vitamin E as before. From 
table 1 it will be seen that the normal diet with cod liver oil 
added produced three resorptions and seven litters out of ten 
pregnancies studied. This result indicates that there was 
some destruction, although not as marked as in the rice bran 

TABLE 1 

The vitamin E content of poultry diets a# determined by feeding tests with rats 


DIET NO. 

DAILY 

DOSE 

NUMBER or 
FEMALES 

PREGNANCIES 

RESORPTIONS 

LITTERS 


ffrn. 





1 

5 

4 

4 

4 

0 

(Normal) 

10 

7 

7 

1 

6 

No cod liver oil) 

ad lib. 

7 

7 

1 1 

6 

3 

5 

4 

4 

4 

0 

(Rice bran) 

10 

6 

6 

0 

6 

No cod liver oil 

ad lib. 

13 

i 

13 

1 

12 

1 


i 




(Normal) 

With cod liver oil 

ad lib. 

10 

10 

3 

7 

3 

, 



6 


(Rice bran) 

With cod liver oil 

ad lib. 

7 

7 

1 


1 





10 

(Normal) 

Iron treated 

ad lib. 

11 

11 

1 


3a 




6 


Iron treated 
rice bran diet 

ad lib. 

5 

6 

0 



diet (no. 3) with cod liver oil added where six pregnancies 
resulted in resorptions and one in a litter. The rice bran oil 
present in this diet is suggested as a contributing factor in 
reducing the proportion of resorption cures. 

Further study of the comparative destruction of the two 
diets was made by treatment with iron salts. The normal 
diet when so treated showed little loss in vitamin F potency. 
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The rice bran diet before treatment allowed the birth of 
normal litters in twelve of the thirteen pregnancies studied 
on ad libitum feeding, while after treatment resorptions 
(table 1) resulted in all of the six pregnancies studied. 

The results of the tests on the poultry diets, including iron 
treatment as well as those with and without cod liver oil in¬ 
corporated, apparently indicate that the rice bran possessed 
either a less amount of vitamin E or was more susceptible 
to destruction or inactivation of this factor than the normal 
diet. 

The vitamin E content of the eggs. The eggs prepared as 
previously described were fed to vitamin E depleted female 
rats in doses of 3 cc., 5 cc., and 10 cc. daily. The eggs from 
the normal pen, when fed at 3 cc. levels (table 2) produced 
litters in five of the fourteen pregnancies during the 3 years’ 
work. This level was apparently a borderline dose, since other 
rats fed at a level of 5 cc. produced litters in the ten preg¬ 
nancies studied. 

In contrast with the results on normal eggs, the rat tests 
on the eggs produced on the yeast diet yielded only one litter 
out of seven pregnancies on the 3-cc. and no litters out of 
seven pregnancies studied on the 5-cc. level. In the series on 
the eggs from the pens which received rice bran, little if any 
difference in vitamin E content was apparent between the 
diet treated with iron sulphate and the untreated diet. Eggs 
produced on diet no. 3 yielded no litters out of eight preg¬ 
nancies on the 10-cc. level. Accordingly, the results were not 
unusual on diet no. 3a with thirteen resorptions out of fifteen 
pregnancies on the 5- and 10-cc. levels. In fact, the treat¬ 
ment of the lien diet with the iron salt appeared quite un¬ 
necessary after the findings on the no. 3 diet (rice bran). 

The deficient eggs produced by the hens on the diet using 
buttermilk as the source of protein were studied on the 5-cc. 
daily dose only. Six pregnancies were observed and only one 
litter resulted. Three cubic centimeters of egg produced by 
hens fed the wheat germ diet were effective in producing 
four litters out of the five pregnancies studied as compared 
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to one litter in eight pregnancies with eggs from the pen with 
rice bran instead of wheat germ. The daily feeding of the 
5 cc. of egg from the wheat germ diet resulted in litters in 
seven out of eight pregnancies as contrasted to two litters in 
seventeen pregnancies from the rice bran diet. 


TABLE 2 

The vitamm E content of whole eggs produced on different diets as shown by the 
curative effect on female rats 


EGGS FROM MKT NO. 

DAILY 

DOSE 

NUMBER OF 
FEMALES 

PREGNANCIES 

RESORPTIONS 

LITTERS 


CC. 





1 

3 

12 

14 

9 

5 

(Normal) 

5 

9 

10 

0 

10 

2 

3 

5 

7 

6 

1 

(Yeast) 

5 

5 

7 

7 

0 

3 

3 

6 

10 

8 

2 

(Rice bran) 

5 

14 

18 

15 

3 


10 

7 

8 

8 

0 

3a 





0 

(Iron treated 

5 

7 

7 

7 

rice bran diet) 

10 

7 

8 

6 

2 

4 






(Buttermilk) 

5 

5 

6 

5 

1 

5 

3 

5 

6 

o 

4 

(Wheat germ) 

5 

7 

8 

1 

7 

6 

3 

4 

4 

3 

1 

(Lettuce) 

5 

10 

9 

7 

9 

7 

9 

6 

0 

1 


The 3-, 5-, and 10-ee. levels of egg produced on the deficient 
diet supplemented with fresh lettuce were all ineffective in 
preventing resorptions in the female rats. Judging by the 
relative potency of lettuce and wheat germ as measured by 
the rat tests, the two hen diets were by no means comparable, 
since the diet with wheat germ was considerably more potent 
than that with lettuce. 
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The prophylactic tests with male rats. Studies with ap¬ 
proximately seventy male rats on the potency of the eggs pro¬ 
duced on the deficient diets supplemented with yeast and 
with rice bran, as well as those from the normal pen were 
made. The eggs from the normal pen were shown to be 
definitely more potent in their vitamin E content than those 


TABLE 3 

The hatchability and first 4-day mortality of the eggs produced on the diets used 

in the vitamin E studies 


EGOS FROM DIET NO. 

NUMBER OF EGGS 
USED 

MORTALITY IN FIRST 4 
DAYS OF INCUBATION 

HATCHABILITY 

1 

(Normal) 

2237 

per cent 

7.0 

per cent. 

73.0 

2 

(Yeast) 

734 

29.0 

16.0 

3 

(Rice bran) 

1836 

25.0 

i 

26.0 

3a 

(Iron treated 
rice bran) 

168 

42.0 

18.0 

4 

(Buttermilk 

887 

22.0 

! 

27.0 

5 

(Wheat germ) 

305 

8.0 

46.0 

6 

(Lettuce) 

144 

17.0 

22.0 


from the deficient pens. The results from the male tests sup¬ 
port, in general, the female rat tests and the hatchability 
results on the eggs from the respective pens. One cubic centi¬ 
meter of egg from hens on the normal diet was protective 
against marked degenerative changes, while 1 cc. of egg from 
hens on the deficient diets was not generally protective. How¬ 
ever, protective feeding tests with male rats and their wide 
variation in degenerative changes as shown by weight of 
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the testes and histological section make tests with male rats 
less reliable and hence not as accurate a measure as the female 
series. 

The hatchability of the eggs. Table 3 gives the approxi¬ 
mate average hatchabilities of fertile eggs taken from the 
same pens as used in the vitamin E studies. A high mortality 
was noted in the first 4 days of the incubation period in the 
eggs from the yeast, rice bran and buttermilk diets, while the 
wheat germ showed an early mortality little different from 
the normal diet. The lettuce diet appeared somewhat less 
effective than the wheat germ, but more effective than any 
of the other deficient diets in the prevention of the early 
embryonic mortality. 

Only the normal diet produced eggs of a reasonably high 
hatchability. All the other diets studied showed low hatch¬ 
ing percentages ranging from 16 per cent on the yeast to 46 
per cent on the wheat germ diet which indicated that a de¬ 
ficiency in some factor or factors persisted in spite of the 
various supplements added to or substituted in the deficient 
mixture of hominy and meat meal. The evident relation of 
vitamin E to the first 4-day mortality of the embryos is 
indicative of the important role vitamin E undoubtedly played 
in reducing the number of chickens hatched. 

DISCUSSION 

It is evident from the data presented that the vitamin E 
content of eggs may vary through a considerable range. How¬ 
ever, the diet of the hen was the determining factor in pro¬ 
ducing the differences. While eggs produced on a normal diet 
were partially effective at a 3-cc. and fully effective at a 5-cc. 
daily level in the curative type of experimental rat test, 10 cc. 
of egg from deficient diets were insufficient. Thus, the eggs 
from the normal diet were fully three times as potent in 
vitamin E as those from deficient diets. In numerous in¬ 
stances, after a female had undergone a resorption on a given 
level of deficient eggs, she was again placed on the same 
level of egg from the same pen during the next pregnancy. 
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Most of these gestations also resulted in resorptions, while 
other cases on normal eggs showed cures in the first period 
of feeding. Frequent pregnancy histories of this nature make 
the contrast in results all the more striking. 

The eggs from the normal and the wheat germ diets showed 
the highest vitamin E content along with the lowest embryonic 
mortality during the first 4 days of incubation. The per cent 
liatchability also showed the eggs from these two diets to rank 
first and second, respectively. However, the rather wide dif¬ 
ference in actual values for hatchability as compared to the 
agreement in results on vitamin E content shown by the rat 
tests indicate that a factor or factors other than vitamin E 
were still lacking in the wheat germ diet (no. 5). Further 
study of the relative ranking of the eggs shows that the yeast 
(no. 2) and the treated rice bran diets were the poorest in 
vitamin E and in hatchability. The eggs produced on the rice 
bran diet (no. 3) appeared to contain little, if any, more vita¬ 
min E, although the hatchability was somewhat better than 
for the iron treated diet. Before incorporation of cod liver 
oil, the rice bran diet possessed a moderate amount of vitamin 
E comparable to that of the normal diet. However, rat tests 
on the complete diet (no. 3) as fed to the hens substantiate 
the findings on the low vitamin E content and low hatchability 
of the eggs produced. The inequality between lettuce and 
wheat germ as it affected the eggs was undoubtedly a question 
of relative amounts consumed by the hens. In other words, 
the potency of the head lettuce used was lower than esti¬ 
mated in formulating the diets and the amount supplied did 
not meet the minimum requirements of the birds. Buttermilk 
in the diet (no. 4) appeared to be less effective in prevention 
of the first 4-day mortality, but more effective in improving 
the hatchability than lettuce. In general, however, the hatch- 
ability, the freedom from embryonic mortality early in incuba¬ 
tion and the vitamin E content of the eggs rank in approxi¬ 
mately the same order. 

In studying dietary deficiencies such as these, other pos¬ 
sible variables such as vitamins A, B, D and G, as well as 
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possible protein deficiencies and mineral balance have not 
been overlooked. The fat soluble vitamins A and D were 
amply supplied in the diets and the experiments of Ellis et al. 
(’33) have shown adequate vitamin A content of eggs from 
hens receiving the normal and rice bran diets. These authors 
further showed that variations in the vitamin B content of the 
eggs may be produced by diets such as those used in the pres¬ 
ent studies, but such differences were not directly related to 
the hatchability of the eggs. The constitution of the diets 
used in the present studies, however, do not indicate the pos¬ 
sibility of vitamin B deficiency. Further experiments of 
Ellis et al. (’33) do not show pronounced decrease in the vita¬ 
min G content of eggs produced on diets very deficient in this 
factor as compared to the normal diet. The possibility of 
mineral balance can be ruled out, because the mineral content 
of all the diets including the normal diet was essentially the 
same. 

The quality of protein in the diets has been suggested by 
Byerly et al. (’33) as a factor in hatchability in connection 
with the present studies. However, the use of milk protein 
in the buttermilk diet effected little change from that of the 
meat protein in the rat. 

From the hatchability standpoint, then, the richness of the 
diet in vitamin E and the ability of the lien to transmit this 
factor in an active form into the egg in sufficient amounts 
becomes a matter of considerable importance. It is true that 
a somewhat unusual dietary regimen was necessary to pro¬ 
duce the differences observed in the present experiments. The 
requirements of the hen in relation to the supply in ordinary 
feeds does not appear to be excessive, yet certain combina¬ 
tions of feeds in one way or another may result in the involve¬ 
ment of vitamin E in hatchability. That it is an essential 
constituent of the diet of the hen appears reasonably certain. 
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SUMMARY AND CONCLUSIONS 

Studies were conducted on the vitamin E content of eggs 
with relation to the diet of the hen and the hatchabilities of 
the eggs. By varying the diets in different pens it was found 
possible to produce eggs varying widely in their hatchabilities. 
The normal diet was partially effective at a 3-cc. level of eggs 
and a 5-cc. level was fully effective in curing vitamin E- 
deficiency in female rats. The eggs from those deficient diets 
which showed low hatchability were ineffective even at a 10-cc. 
level. The prophylactic egg tests with male rats yielded 
results which agreed, in general, with the female rat tests. 

The normal diet which produced eggs of moderately high 
hatchability was found to be potent in vitamin E when tested 
with female rats. The diets which produced eggs of low hatch- 
ability particularly marked by a high first week embryonic 
mortality were found to be low or lacking in vitamin E, pro¬ 
viding cod liver oil was incorporated in the diet of the rats. 
In the absence of the latter, the rat tests showed little differ¬ 
ence in vitamin E content from the normal diet. 

When the deficient diet which produced eggs lacking in 
vitamin E and low in hatchability was supplemented with 15 
per cent of wheat germ, the eggs were comparable in vitamin 
E content to eggs produced on the normal diet. On the other 
hand, one head of lettuce per seven birds daily did not in¬ 
crease the vitamin E content or markedly improve the hatch- 
ability, although it reduced the first 4-day mortality over that 
of the deficient diet. 

It is concluded from the data obtained that vitamin E may 
be a limiting factor in the hatchability of eggs on certain 
types of diets and that one manifestation of vitamin E- 
deficiency in the chick is the first-week embryonic mortality. 
The deficiency can be greatly reduced by supplying vitamin E 
in the poultry diet. 
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The discovery that cataract may be produced in rodents by 
restricting them to a diet deficient in vitamin G (Day, Langs¬ 
ton and O’Brien, ’31; O’Brien, ’32; Langston and Day, ’33, 
’34; Langston, Day and Cosgrove, ’33; Yudkin, ’33; Day and 
Langston, ’34) led us to attempt similar experiments with 
monkeys. Before advanced cataractous changes developed, 
however, the monkeys died of a fulminating blood disease, 
characterized by marked anemia, leukopenia, gingivitis, and 
diarrhea. It is the purpose of this paper to report briefly 
the production of this hitherto unrecognized deficiency 
syndrome. 

EXPERIMENTAL 

The young rhesus monkeys (Macaca mulatta) used in these 
experiments were purchased from animal dealers. At the 
time they were placed on the experimental diet they weighed 
between 2.0 and 2.7 kg. each, and although histories were not 
available, from their weights and condition of dentition 
(Hartman and Straus, ’33) they appeared to be about 2 years 
old. After a period of conditioning and observation, they 
were given a diet similar to that used in the production of 

‘The expenses of this investigation were defrayed in part by a grant from the 
Committee on Scientific Research of the American Medical Association. 
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cataract in rats. The daily ration for each monkey was as 
follows: 

Grams 


Casein, Sherman and Spohn (’23) 10 

Whole wheat, ground 15 

Polished rice 30 

Cod liver oil* 3 

Salt mixture, Osborne and Mendel (M9) 4 

Sodium chloride 2 

Orange 4 


The rice, casein, salt mixture and salt were cooked with 
sufficient water in a double boiler for 1 \ hours, the wheat was 
then added and the cooking continued for another 1 hour. The 
cod liver oil was mixed with the ration just before feeding it. 
The orange was fed separately. 

This diet is believed to be adequate, qualitatively and 
quantitatively, with respect to protein, inorganic elements, 
fatty acid, vitamins A, B(B t ), 0, and D, but is deficient in 
vitamin G(B S ) and possibly some of the less well-known vita¬ 
mins. Since Harden and Zilva (’20) found that 2 cc. of orange 
juice daily protected monkeys from scurvy, our animals re¬ 
ceived an adequate amount of ascorbic acid, yet the 4 gm. of 
orange given them supplied less than one Bourquin-Sherman 
unit of vitamin G (Day and Darby, ’33). We are not con¬ 
vinced that the blood picture in the monkey here reported was 
the result of deprivation of the rat-growth vitamin G. It does 
appear probable, however, that the symptoms which devel¬ 
oped were the result of a lack of some vitamin or vitamins. 

The animals were observed daily, and at intervals of 1 week, 
or oftener, were taken from their cages and bled from the ear 
for hematological and chemical analyses. Total leukocyte and 
erythrocyte counts were made in duplicate, and smears for 
differential counts were made in the usual manner and stained 
with Wright’s stain. Hemoglobin was determined by the 
acid hematin method of Newcomer, using a standard glass 
color disc for the colorimetric comparisons. Blood glucose 
was determined by the micro method of Folin (’28), and 


* Supplied by the E. L, Patch Company, Boston. 
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cholesterol by the Leiboff method (’30). Urea was estimated 
by the micro method of Keller (Kolmer and Boerner, ’31). 
The animals were given careful physical examinations, in¬ 
cluding observations of the mouth. Ophthalmoscopic exami¬ 
nations were frequently made. After the onset of the 
hypocythemia, blood determinations were made at semi¬ 
weekly or daily intervals. At death autopsies were per¬ 
formed, and tissues were taken for histological examination. 
The pathological findings, including eye and bone marrow 
changes, will be reported later. 

RESULTS AND DISCUSSION 

In general, the monkeys ate the diet well, and although all 
showed a loss of appetite during the final stages of the disease, 
we feel that the blood changes were not due to anorexia, since 
the anemia and leukopenia preceded the loss of appetite. The 
animals on the deficient diet all lost weight, and showed 
marked emaciation before death. With one exception, the 
monkeys all developed a diarrhea within a short time after 
being placed on the diet,. In some cases the diarrhea was in¬ 
termittent, and in others continuous, with yellow or greenish, 
watery stools. We experienced some trouble with dysentery 
in our animals—a condition not uncommonly encountered by 
investigators working with imported rhesus monkeys. Since 
the deficiency appeared to predispose to an attack of a latent 
dysentery, stool cultures were made at frequent intervals, and 
animals showing positive tests for pathogenic organisms were 
excluded from the series. 8 Such animals usually died of an 
acute attack of dysentery, with large amounts of blood and 
mucus in the stools. The diarrhea caused by the deficiency, 
uncomplicated with dysenteric infections, was not character¬ 
ized by blood and mucus, however, and did not appear to pro¬ 
duce any marked ill effects upon the monkeys. 

■A number of animals that died with clinical symptoms of dysentery yielded 
positive stool cultures for Shigella paradysenteriae, Hiss variety. One yielded a 
positive culture for Sonne variety. 



640 P. L. DAY, W. C. LANGSTON AND C. F. SHUKERS 


In a series of seven monkeys dying of the deficiency, uncom¬ 
plicated by any known dysentery or other infections, hemato¬ 
logical data were obtained upon six of the animals, and blood 
chemical analyses were made upon five. Although there was 
some variation between individuals, the disease ran a rather 
typical course in all. As indicated in the introduction, the 
outstanding features were anemia and leukopenia, accom¬ 
panied by, or followed by, an ulcerative gingivitis. The 
hematological and blood chemical findings and oral lesions are 
discussed below under the appropriate headings. 

Hemoglobin. Normal values for hemoglobin in the monkeys 
used in these experiments ranged from 10.0 to 14.0 gm. per 
100 cc. of blood, although most normal values came within the 
somewhat narrower limits of 11.0 and 13.0 gm. Monkeys on 
the deficient diet, after a variable period in which the hemo¬ 
globin remained normal, showed a progressive and usually 
rapid decrease in pigment. The extent of diminution of hemo¬ 
globin depended somewhat upon the length of survival of the 
animal after the anemia developed. The average final content 
of hemoglobin was 7.10 gm., but one went as low as 2.27 gm. 
per 100 cc. of blood. 

Erythrocyte count. Normal erythrocyte counts on the young 
monkeys were found to be between 4.5 and 6.0 million per cubic 
millimeter. In the experimental animals there occurred a de¬ 
crease in red corpuscles coincident with and paralleling the 
decrease in hemoglobin. The count before death was less than 
3.0 million cells in every case, and in one animal dropped to 
less than one million (955,000) erythrocytes per cubic milli¬ 
meter of blood. 

Leukocyte count. The normal range of white cells in young 
monkeys is rather high and quite variable in the experience of 
Wills and Bilimoria (’32), and this was found to be the case 
in our animals also. The monkeys on a mixed stock diet, and 
normal controls receiving the deficient diet plus yeast, had 
total white counts between 10,000 and 30,000. There was 
a marked difference between animals, and also a distinct 
variation from week to week in any one individual. Be- 
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cause of this wide variation and the lack of a definite normal 
standard, it is difficult to say just when a leukopenia developed 
in any given case. However, a definite drift downward usually 
started at about the same time as the decrease in hemoglobin 
and erythrocytes began. Minimum counts were below 5500 
in every case; four monkeys out of six had white counts below 
2000, and one animal had a final total leukocyte count of only 
695 cells per cubic millimeter. 

The differential counts were so variable that it is difficult to 
make any broad statement that holds true for all the animals. 
In general, however, as the leukopenia developed, the decrease 
in white cells appeared to be more at the expense of the neutro¬ 
phils than of the lymphocytes. That is, there was frequently a 
relative neutropenia together with a relative lymphocytosis, 
although there was, of course, an actual lymphopenia as well 
as an actual neutropenia. One animal in its final count ex¬ 
hibited 94 per cent lymphocytes and 4 per cent neutrophils. 
The differential counts will be given in detail in a later report. 

Blood cholesterol. Monkeys on a normal stock diet (grains, 
sunflower seeds, bread, fruits and vegetables) had cholesterol 
values as high as 200 mg. per 100 ce. of blood, but a normal 
control receiving the deficient diet supplemented with yeast 
showed cholesterol as low as 130 mg. Cholesterol in the blood 
of animals on the deficient diet fell progressively, decreasing 
to 100 mg. or less in all five of the animals on which determina¬ 
tions were made, and in one animal going as low as 62 mg. per 
100 cc. of blood. 

Blood glucose. The animals were found to have blood sugar 
levels between 100 and 140 mg. per 100 cc., although excite¬ 
ment or exercise resulted in glucose levels higher than 140 mg. 
The experimental animals had normal blood sugar values until 
the last day or two of life, when there was a decrease below 
normal, going as low as 60 mg. before death. The blood 
samples were always drawn before the daily feeding, and 
carbohydrate tolerance tests were not made. 

Blood urea. The normal values were found to be between 
12 and 24 mg. urea N per 100 cc. blood. There was no signifi- 
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cant variation from normal in the experimental animals until 
the last 2 days of life, at which time there was an increase. 
Blood samples taken from the moribund animals were found 
to contain between 40 and 47 mg. urea N per 100 cc. This 
terminal increase possibly is not important, as it may have 
been due to failing circulation. Sufficient blood was obtained 
from the heart of two animals at death to make determinations 
of creatinine possible. Each had less than 2.0 mg. creatinine 
per 100 cc. of blood, so it may be concluded that there was no 
retention of this substance. 

Oral lesions. The only consistent physical finding was an 
ulceration of the margins of the gums. This lesion usually 
developed within a short time after the onset of the leukopenia, 
first appearing as a slight recession of the gums, and later as 
a distinct yellowish ulceration. Upon wiping off the necrotic 
material with a cotton swab, mild bleeding resulted. This 
ulceration usually developed along the incisors first, and in 
several animals caused the teeth to fall out. In one monkey 
the ulcerated region was chiefly along the canine and molars, 
and progressed until a large area of bone was exposed. The 
gums were pale and there were no marked spontaneous hemor¬ 
rhages. No other oral lesions were observed. 

With the exception of a single, small, perforating ulcer on 
the paw of one animal, no skin changes were seen. 

The survival period on the deficient diet varied from 26 to 
81 days, with an average of 56 days. Since a normal control 
receiving the deficient diet plus dried brewers’ yeast has lived 
more than 200 days without showing any of the signs dis¬ 
cussed above, it appears that this progressive hypocythemia 
was due to a deficiency of some substance which is found in 
yeast. It seems probable that the syndrome was due to a lack 
of some component of the vitamin B complex. 

Since black tongue in dogs may be produced by feeding a 
diet similar to the diet we used, it would have been natural to 
expect an analogous condition in the monkey. However, be¬ 
cause of the nature of the oral lesions and the absence of 
dermatitis, it is apparent that the condition in the monkey 
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herein reported does not clearly resemble either black tongue 
or pellagra. 

SUMMARY 

Young monkeys (Macaca mulatta) were given a diet believed 
to be adequate with respect to protein, inorganic elements, 
fatty acid, vitamins A, B(B,), C, and D, but deficient in vita¬ 
min G(B 2 ) and possibly deficient in other less well-known 
organic substances which may be essential to the nutrition of 
the monkey. After a varying period on the diet, the animals 
developed a fulminating, fatal blood disease, characterized by 
anemia and leukopenia. Ulceration of the gums was a con¬ 
sistent accompaniment of the hypocythemia, and diarrhea was 
common. There was a progressive decrease in blood cho¬ 
lesterol, but no significant change in the blood sugar level. 
Blood urea remained normal until the last 2 days of life, at 
which time the level of this substance became somewhat 
elevated. There was no retention of creatinine. 

The deficient diet supplemented with dried brewers’ yeast 
supported good growth and prevented the deficiency syndrome. 

The authors are indebted to Mr. William J. Darby for techni¬ 
cal assistance, to Dr. K. W. Cosgrove for making the oph¬ 
thalmoscopic examinations, to Dr. A. P. DeGroat for perform¬ 
ing the autopsies, and to Dr. J. G. Wahlin and Miss Anne Snow 
for making the stool cultures. 
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1NTRODHTION 

Enrly in li)27 symptoms indicative of nervous disorders 
wore first noted in certain groups of rats in our colony which 
were being used in vitamin A assays. The highest incidence 
of the symptoms in question was in groups receiving the lower 
levels of vitamin A supplement after being completely de¬ 
pleted of vitamin A. Animals which were completely depleted 
of vitamin A were characterized by extreme xerophthalmia, 
emaciation, great weakness and early death. After from 45 
to 50 days on a vitamin A free diet, plus low levels of vitamin 
A supplement after depletion, these rats showed symptoms 
not previously described as associated with avitaminosis A. 

The early symptoms in these animals are characterized by 
a peculiar weaving, unsteady gait in the hind limbs. There 
is a definite lack of coordination rather than an actual paraly¬ 
sis in early stages. Frequently in moving about the limb or 
limbs are abducted to a degree greater than normal. There 
soon develops a relaxed condition of the leg: the limb being 
partly extended at all times while walking. The animal seems 
unable completely to flex the knee and hip joint. If tin* rat 
is held up in a vertical position the affected leg is allowed to 

f>45 

TIIK .JOURNAL OK NUTRITION. VOL 0, NO 0 AND SUM’LKMI* NT 
JUNE. UUL r ) 



646 


H. K. SKTTEUF1EDD AND T. S. SUTTON 


lmng in a relaxed, extended posture while the unaffected one 
is drawn up close to the trunk. The condition is usually uni¬ 
lateral and in cases of bilateral involvement, the symptoms 
are always more pronounced in one leg. There is, however, no 
predilection for either side. We have seldom found the con¬ 
dition affecting the front legs. We believe this is due to the 
fact, that the rats succumb before the progress of the disease 
has reached them rather than any limitation of the disease 
itself to the hind legs. 



Fig. 1 Hot 724. Diagnosis -f + ++. Weight 104 gm. Weight of positive 
control iu same group 214 gm. 

This rat was fed a, vitamin A free diet for 35 days. At that time it lmd 
slopped gaining weight and had xerophthalmia. It was then given 30 mg. 
butter fat per day. At the end ol 10 days it showed symptoms of nervous 
disorder. These progressed steadily until the animal was killed after 4 weeks 
on tho supplemented diet (30 mg. of batter fat is less than a unit dose). (Table 1.) 

Note: roughened fur, swollen conjunctha, abduction of leg, flexion of toes, 
relaxed position of posterior half of the body. Not apparent in the pietnre: 
flaccid and atrophic muscles of the thigh and leg. 


With the progress of the disease the ability to use the 
affected parts diminishes. The rat walks on its heels with 
little or no use of the digits. The muscles of the thigh and 
leg become flaccid and then atrophied. The digits are car¬ 
ried always in 1 lie flexed position. We have never noted a 
convulsive or spastic condition. In moving about, the leg is 
frequently abducted to snob a degree that the animal walks 
on the side of the heel rather than on the sole of the foot. 
The body is carried low, the belly almost or Quite touching tho 
floor. The legs are spread apart and extended. The muscles 
of the tail are often affected and sometimes atrophy. In a 
few cases the tail muscles on one side only arc affected and 
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the tail is then curved away from tlx* affected side. A pain¬ 
ful stimulation of the tail or toes brings only a feeble re¬ 
sponse or none at all. The animals frequently chew their 
own tails or feet. Til a few cases individuals have chewed 
off the whole tail or a whole foot up to the ankle joint. The 
final result of the disease is an irreparable atrophy of the 



Fig. 2 Section of a normal sciatic nerve of white rat. This animal had been 
on a complete diet. Photographed in polarised light, between crossed nicols, at 
a magnification of 1200. 

Note: The dark lines are axis cylinders, the light areas are myelin sheaths. 
Normal node of Ranvier in lower right. 

muscles of the thigh and leg. Animals which have suffered 
such atrophy do not recover control or replace muscle fibers 
even though a complete diet brings about complete recovery 
from all other symptoms of avitaminosis A. 

We suspected that the spinal nerves to the parts affected 
were involved in the disease and were degenerating due to 
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some unknown effect of the vitamin deficiency. Tt was in an 
attempt to describe the effects of avitaminosis A. on the 
peripheral nerves of the rats that this study was begun. 

In the early stages of the work the sciatic and femoral 
nerves and spinal cords were removed and some of them fixed 



Fig. 3 Diagnosis 4* + ++. This ml (701) received the saute diet as 724. 
It was in about tin* same physical condition except that the xerophthalmia had 
improved somewhat more than in the other rat. Not quite so many fibers are 
involved but those affected are in ft later stage of degeneration. Compare the 
greatly swollen fiheis with those in figure 7 of preceding paper. 

Photographed in polarized light between crossed in cols at a magnification 
of 1200. 


in potassium bichromate and further prepared by the Marohi 
method. Others were fixed in 10 per cent formalin and later 
frozen sections of them were stained with Sudan 111 or 
Scharlaoh Jl. We found, as had Duncan (’31) and 1’rickett 
(’34), that in the Marchi preparations blackened droplets 
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were visible in normal controls as well as in our diseased 
animals. Likewise the fat stains, Scharlach R and Sudan III 
were unsatisfactory since they depend on relative intensity 
of color and since this varies with the temperature, thickness 
of section, concentration of stain, degree of degeneration, and 



Fig. 4 Diagnosis + + + +* Hut 7/55. This rat was depleted in 35 days and 
then received 30 mg. of butter fat per day for 3 weeks. It showed nervous 
symptoms for 1 week before it was killed. The appearance of the fibers resembles 
those in plate 3 but more filters in the early stages of degeneration are present. 
One in the center of the field is in a late fragmenting stage. 

Photographed in polarized light between crossed nicols at a magnification 
of 1200. 

length of lime stained. While we were satisfied that the 
nerves were affected we could not demonstrate it with cer¬ 
tainty in early stages by any of the three methods named. 

In searching the literature for a more delicate teclmic the 
statement in Lee (’21) by (Varner and Lee concerning the 
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reactions of various lipids was noted, (Tamer there states 
that the true fats, or triglycerides, are isotropic while the 
phospholipids are doubly refractive, or anisotropic. It is 
therefore possible to distinguish these two groups of sub¬ 
stances by the use of the polarizing microscope. 

Following this lead and the other facts noted in the first 
paper of this scries we applied this test for tin* presence of 
the degeneration products of mvelin (triglycerides) in the 
nerves from our rats. Finding that wo could observe very 
slight changes from the normal we proceeded to establish the 
technic for the study of degeneration by using it in a series 
of animals in which experimentally produced Walleriau de¬ 
generation was present. This work constituted the subject 
matter of the first paper of this series (Xetterfield and Sutton, 

MATKItlAI jK AND METHODS 

Feeling that our experience with the new' technic was too 
limited to include the central nervous system in our observa¬ 
tions, we restricted our material to the spinal nerves related 
to the affected parts. These were prepared and studied as 
described in the preceding paper. AVe studied nerves from 
a total of eighty-five rats on various levels of vitamin A 
supplement as well as normal controls. 

It was found that among forty-eight rats on an extremely 
low level of vitamin A supplement after depiction (.‘10 mg. 
butter fat per day) 97.9 per cent of them developed nervous 
symptoms and soon died. Of these we observed nerves from 
twenty-one. Nine of them wen* diagnosed as +H~ + ' while 

1 Tin* signs jl , -f, -f l , *1 T T, and are used to describe tin* seventy 

of degeneration and roughly the extent of iu\o]\etuent of the ner\e fibers in n 
nerve. refers to a condition where then* is only :i slight swelling of a few 
fibers and no isot topic material, 4- refeis to the stage when one or two fibers 
in the section are gieatly and irregularly swollen and are beginning to lose 
their birefringenee. -f -f* in a stage where approximately even third fiber is 
degenerating, greatly swollen and showing oxtenshe inotropic masses 

In the + stage about two out of three fillers are badly degenerating. In 
tbe -f—I—I—1~ Ntage every fiber is «ff«*eted more or less, ranging from eailv 
degeneration in some to extreme fragmentation and isotropic condition in others. 

All these stages are arbitrary and not exact. Tlielr value is relative and they 
are simply useful terms in describing the course of degeneration. 
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twelve were +H—(--K It was subsequently found that this 
was also true when the rat received 1 mg. cod liver oil or 
0.4 gamma of carotene per day after depletion (table 3). 
Among twenty rats on an adequate 2 vitamin A supplement 
(60 mg. of butter fat per day) after depletion, none of the 
animals developed symptoms (table 1). However, later 
studies of the time of appearance of degeneration compared 
with the time symptoms developed showed that degeneration 
had begun but had not proceeded far enough to produce ex¬ 
ternal signs. Duncan (’30) has stated that degenerating fibers 
are always found in the peripheral nerves of the normal rat 
and that in rats low in vitamin A the rate of degeneration is 

TABLE 1 


The occurrence of nervous symptoms in rats receiving a vitamin A deficient diet, 
supplemented with varying levels of butterfat after cessation of growth 
and appearance of xerophthalmia 


NUMBER 
or RATS 

LEVEL OF 
BUTTERFAT 
SUPPLEMENT 

PER CENT OF RATS 
SHOWING NERVOUS 
SYMPTOMS 

MICROSCOPICAL 

DIAGNOSIS 

20 

60 mg. daily 

00 

No microscopic diagnosis 

48 

30 mg. daily 

97.9 

The femoral and sciatic nerves 
from 21 of these rats were ex¬ 
amined microscopically 

9 showed +-h+ degeneration 

12 showed -i—|—1—h degeneration 


increased. However, the rat in this study that showed the 
greatest number of degenerating fibers was vitamin A de¬ 
ficient and free from infection, indicating that the degenera¬ 
tion was not due to infection. He has estimated that less 
than 1 per cent of nerve fibers in the sciatic nerve of a normal 
rat may be degenerating at any one time. The rate of de¬ 
generation increases with age. However this percentage 
represents less than one fiber in a whole sciatic nerve. De¬ 
generation in our rats at the time under discussion (JL or +) 
has gone much further, there being from one to four fibers 

•By an adequate supplement of vitamin A is meant an amount per day 
sufficient to produce as great an average increase in weight per day as is shown 
by normal stock rats of the same age which have not been depleted and are on a 
complete diet. 
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in an average high power field definitely degenerating at this 
time. We have not made total counts to show the exact 
extent to which degeneration may go before external signs 
of the loss are visible. 


TABLE 2 


The progress of nerve degeneration in avitaminosis A, (Basal diet — 0.5 gm . 
yeast 2.6 units of vitamin D (viosterol) daily) 


BAT NO. 

: 

DAYS ON 

DURATION OF 

OHANGBIN 
WEIGHT 

MICBOSOOPIC DIAGNOSIS 

DEFICIENT 

DIET 

XEROPHTHALMIA 

FROM 

MAXIMUM 

Femoral 

Sciatic 

C802 

28 

No xerophthalmia 

Still 

gaining 

Normal 

1 

C805 

28 

No xerophthalmia 

Still 

gaining 

Normal 

X 

C804 

31 

No xerophthalmia 

Still 

gaining | 

Normal to x 

Normal to jl 

C807 j 

31 

No xerophthalmia 

Still 

gaining 

Normal 

Normal to x 

C803 

34 

Incipient 

xerophthalmia 

Still 

gaining 

+ 

4* 

C8O0 | 

34 

Incipient 

xerophthalmia 

Still 

gaining 

+ 

+ 

C812 

34 

Incipient 

xerophthalmia 

Still 

gaining 

+ 

+ 

C813 

34 

Incipient 

xerophthalmia 

Still 

gaining 

+ 

+ 

C668 

39 

3 days 

Still 

gaining 

+ 

+ 

C673 

39 

3 days 

Still 

gaining 

+ 

+ 

C667 

43 

7 days 

— 5gm. 

+ 

++ 

0675 

43 

7 days 

— 9 gm. 

++ 

++ 

0671 

50 

7 days 

—-32 gm. 

+++ 

+ 

0670 

56 

10 days 

— 34 gm. 

+++ 

(wobbly gait in 

+++ 
rear limbs) 

0672 

56 

10 days 

—16 gm. 

+ + + 1 H—b + 

(impaired use of right foot) 

0674 

60 

20 days 

— 25 gm- 

++++ i ++++ 

(impaired use of left foot) 

0666 

72 

; 

26 days 

— 21 gm. 

+ + + | + + H—h 

(wobbly gait, poor coordination) 


The study referred to above, summarized in table 2, was 
the diagnosing of nerves from rats on a deficient diet be¬ 
ginning 8 days before the appearance of xerophthalmia or 
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cessation of growth. In these the diagnoses were _|_ and + of 
degeneration even though there were no external signs what¬ 
ever of vitamin deficiency. By the time the rats began to 
lose weight the amount of degeneration had increased to -j—}- 

TABLE 8 

Progress of degeneration is arrested by adequate dosages of vitamin A supple¬ 
ments administered after xerophthalmia develops. (Unless otherwise 
designated, all rats were killed after 8 weeks of supplement 
feeding.) (Basal diet — A u 0.5 irradiated yeast) 


BAT NO. 

SUPPLEMENT 

CHANGE TN 
WEIGHT DURING 
SUPPLEMENT 
FEEDING 

DURATION OF NERVOUS 
SYMPTOMS BEFORE 
KILLING OR DEATH 

MICROSCOPIC 
DIAGNOSIS 
(FEMORAL AND 
SOIATIO NERVES) 

C688 

30 mg. B.F. 

— 5 l (42 days) 

7 days 

+++ 

C676 

30 mg. B.F. 

— 20 l (29 days) 

8 days 

H—1—1—h 

C694 

30 mg. B.F. 

—16* (43 days) 

21 days 

H—h + 

C682 

30 mg. B.F. 

_o 

21 days 

+++ 

C690 

1.0 mg. C.L.O. 

— 6 l (46 days) 

14 days 

+ + + 

C677 

1.0 mg. C.L.O. 

+ 16 

21 days 

+++ 

C695 j 

1.0 mg. C.L.O. 

— 10 1 (41 days) 

13 days j 

+++ 

C686 

1 

. 

1.0 mg. C.L.O. 

+ 28 

28 days 

l 

++ 

0692 | 

0.4r carotene 

+ 34 

14 days 

++ 

0678 

3 weeks 0.8r 

+ 51 

28 days 

+++ 

0696 

Carotene 5 weeks 

+ 25 

42 days 

+++ 

0684 

Carotene 5 weeks 

+ 54 

Kept for demo 

nstration 

0679 

90 mg. B.F. 

+ 56 

No symptoms 

+ 

C685 

90 mg. B.F. 

+ 56 

No symptoms 

1 

0680 

3.0 mg. C.L.O. 

+ 50 

No symptoms 

+ 

0683 

3.0 mg. C.L.O. 

+ 66 

No symptoms 

1 

0681 

1.2r carotene 

! 

+ 52 

No symptoms 

++ 

0687 

1.2r carotene 

+ 75 

No symptoms 

X 

0699 

1.2r carotene 

+ 64 

1 Kept for demonstration 


1 Rat died before the end of the experiment. 


and from that time progressed to +++ during the first 7 
days of xerophthalmia and to -f—|- H—b by 20 days of xeroph¬ 
thalmia. By the time degeneration had reached -f-++ in 
the sciatic the animal’s locomotion was greatly impaired and 
both sensibility and motor control greatly diminished 
(table 2). 
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Progress of degeneration can be arrested by adding 
adequate amounts of vitamin A to the diet of the depleted 
animals. In rats receiving only 30 mg. of butter fat per 
day the degeneration progressed steadily to H—|—|—f- and 
the early death of the animals. However if, when xeroph¬ 
thalmia appears (i.e., at least 6 days after degeneration be¬ 
gins) the diet is supplemented by 90 mg. of butter fat per 
day the degeneration remains at the J_ or -f- stage which is 
always present when xerophthalmia appears. These facts 
are summarized in table 3. 

The observations cited above demonstrate the presence of 
degeneration in amounts and at times not observable by any 
other technic. 

All the diagnoses in the eighty-five rats studied were made 
objectively, the observer in no case being aware of the 
physical condition of the animal from which the nerves were 
taken. More detailed discussion of the nutritional aspects 
of these vitamin A studies has been published under appropri¬ 
ate title (Sutton, Setterfield and Krauss, ’34). Our purpose 
in this paper is to describe the application of the polarized 
light technique to the study of very early and very small 
amounts of degeneration in spinal nerves. 

CONCLUSIONS 

1. Polarized light has been used to study qualitatively, 
quantitatively and chronologically the progress of myelin de¬ 
generation in rats on diets deficient in vitamin A and diets 
supplemented by various amounts of vitamin A. 

2. Degeneration in the sciatic and femoral nerves begins 
from 3 to 6 days (at least) before there is any external sign 
of avitaminosis A. 

3. Between one-fourth and one-third of the fibers are in the 
process of degeneration before there is any extemal sign of 
loss of sensibility or motor control in rats suffering from 
avitaminosis A. 

4. Adequate dosages of vitamin A administered after de¬ 
pletion arrested the progress of degeneration. 
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Investigators who have studied the kidney under suitably 
controlled conditions have frequently remarked on the varia¬ 
tions in renal function that seem to be of a physiological 
nature. Most noteworthy in this connection is the influence 
of the maintenance diet, as well as the immediate influence 
of the ingestion of food. Addis and Drury (’23) observed 
that the rate of excretion of urea relative to the blood urea is 
increased in man after feeding milk or glutamic acid. Jolliffe, 
Shannon and Smiih (’32) have observed that urea, xylose 
and creatinine clearances in the dog are not only elevated 
by the feeding of meat, but are greater when observed in the 
post-absorptive condition in dogs which are maintained on 
a meat diet than in the same dogs maintained on a low protein 
diet. These investigators have concluded that the functional 
changes are related to changes in the rate of glomerular 
filtration. 

The experiments reported in the present paper are in¬ 
tended to examine to what extent these variations in activity 
are related to meat, as compared with other proteins; to what 
extent they are dependent on digestion and absorption on the 
one hand or metabolism on the other; and to what extent 
they can be correlated with any specific phase of protein 
metabolism. 
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METHODS 

Female dogs were used throughout. Urine was obtained by 
catheter with care to insure complete emptying of the bladder, 
and blood was drawn from the external jugular vein. Urea 
was determined by the gasomeiric method of Van Slyke (’27), 
and xylose as described by Jolliffe, Shannon and Smith (’32). 

The basal diet consisted of 100 gm. of cracker meal, 30 gm. 
of cane sugar, 30 gm. of butter, 10 cc. of cod liver oil, 5 gm. 
of dry irradiated yeast and 0.6 gm. of Cowgill’s salt mixture, 
moistened with warm water and well mixed. The dogs were 
fed at about 5 p.m. and, unless otherwise stated, the experi¬ 
ments were performed 16 to 18 hours after feeding. 

RESULTS 

It is evident that results obtained on different animals 
can be compared only with great uncertainty, and for this 
reason we have made our observations as far as possible on 
the same animals under a variety of conditions. It has been 
impossible to present in tabular form the extensive data of 
our experiments, and for this reason representative experi¬ 
ments have been summarized graphically in the appended 
charts. These charts are uniform in having the xylose clear¬ 
ance (upper line) and the urea clearance (lower line) plotted 
against time expressed in units of 100 minutes. The data at 
the bottom of the charts state the types of diet and the time 
which the dogs had been maintained thereon. The figures 
above these data state the average ratio: urea clearance/ 
xylose clearance. Every experiment, unless otherwise noted, 
was begun with a series of three control observations made 
in the post-absorptive condition at least 16 hours after the 
last meal. The dog was then fed or injected, as the case might 
be, and the clearances were observed for some time there¬ 
after. The dotted lines indicate periods in which no urine 
collections were made, and the figures written beside arrows 
pointing to these lines indicate instances where there was a 
lapse of time that could not be expressed on the charts. The 
urine collection periods averaged 30 minutes each and the 
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urine flows ranged from 1 to 6 cc. per minute, with the excep¬ 
tion of experiment 78 in which they ranged from 0.59 to 
0.93 cc. All of these are above the augmentation limit. 

Experiment 32 (chart 1) is a series of control observations 
on dog 7 made in the post-absorptive state after 14 days on a 
basal diet. The average data (urea clearance/xvlose clear¬ 
ance =X) for five consecutive periods are 13.9/19.7 = 0.70. 
Five days later (experiment 33), this dog was again observed 
in the post-absorptive state: 16.5/20.5 = 0.80. The dog was 



then fed a basal meal without any significant change in the 
average clearance levels of either urea or xylose. Ten days 
later (experiment 36), this experiment was repeated, sub¬ 
stituting 1000 gm. of raw chopped beef for the basal meal, 
whereupon the clearances rose from a control level: 13.9/19.6 
— 0.71, to: 24.7/30.3 = 0.82. Another meal of 800 gm. of 
raw beef raised the clearances to: 28.1/33.4 = 0.84. After a 
week on a meat diet consisting of 900 gm. of raw chopped 
beef daily, both clearances (experiment 38) remained at an 
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elevated level in the post-absorptive condition (24.3/31.2 = 
0.78), and now a further feeding of meat increased them 
again: 39.1/46.3 = 0.85. This is, respectively, 2.81 and 2.36 
times the post-absorptive basal-diet level obtaining a week 
earlier, before the first meat meal. After 2 more weeks on a 
meat diet there was a still further increase in the post-absorp¬ 
tive clearances: 28.3/37.2 = 0.76; and after feeding meat these 
clearances again rose in the usual manner to: 40.6/51.1 = 
0.80, or to 2.92 and 2.60 times the original basal level. These 
results confirm the observations of Shannon, Jolliffe and 
Smith (’32) that the urea and xylose clearances tend to be 
low and constant in the post-absorptive state while the animal 
is on a basal diet.; that the ingestion of a protein-poor meal 
does not significantly elevate these clearances; that the feed¬ 
ing of meat produces a rise in both clearances within a few 
hours; and that a higher post-absorptive level is maintained 
on a meat diet than on a protein-poor diet. The change in 
the urea and xylose clearances is relatively not so great in 
our experiments as was observed by the above investigators, 
however, but much greater than those that have been ob¬ 
served by Cope (’33) and by Goldring, Razinsky, Greenblatt 
and Cohen (’34) in man on low and high protein diets. 

Experiments 40, 41, 42 and 45 (chart 2) show the effects 
of feeding pure casein for 7 days. Two hundred and thirty 
grams of casein, suspended in warm water, were administered 
by stomach tube each day. The urea and xylose clearances 
in the post-absorptive state rose to 74 and 60 per cent above 
the basal level and increased to 109 and 89 per cent above the 
basal level after a casein meal. These changes are somewhat 
less than were obtained with meat, but leave no doubt that 
casein acts qualitatively in the same manner as meat. 

On the day previous to experiment 41 and after the control 
observations of experiment 40 had been made, the dog refused 
to eat and there was a significant drop in the level of the 
urea and xylose clearances, but these were returned toward 
the normal post-absorptive level by feeding the basal meal 
(see chart). It appears that the post-absorptive level ob¬ 
tained on a protein-poor maintenance diet is a basal level 
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only in the sense that it is relatively constant and not in the 
sense that it is minimu m. 

To exclude the participation of the gastro-intestinal tract 
in these phenomena, metabolism of endogenous protein was 
stimulated by thyroxin. Experiment 46 (chart 2) shows that 
thyroxin in doses of 10 mg. has no appreciable effect on renal 
activity the first day, but experiment 47 shows that a sharp 
rise occurs on the second day; after three additional 10 mg. 
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Chart 2 

doses of this drug on alternate days, total increases of 45 
and 53 per cent, respectively, above the basal clearances of 
urea and xylose were reached. 

It is well known that phlorizin increases the protein metabo¬ 
lism of a fasting dog and we have examined the effects of the 
drug in the above respect. These experiments are not in¬ 
cluded in the appended charts. In experiment 61 four control 
periods yielded the following values on dog 12, which had 
been on a basal diet for 5 days: (urea clearance/xylose clear¬ 
ance = X) 29.3/41.3 = 0.71. After 3 days of fasting, four 
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periods yielded average figures of 27.2/36.6 = 0.74. Two 
hundred milligrams per kilogram of phlorizin in sodium bi¬ 
carbonate solution were administered subcutaneously at noon 
of the day after this experiment and again at midnight. The 
next morning four periods yielded the average figures 46.5/ 
62.9 = 0.74. Similar experiments with dog 33 on basal diet 
for 5 days yielded for four control periods 33.3/42.9 = 0.78. 
The dog was fasted the next day and given phlorizin as above. 
The following day four periods yielded 35.7/50.1 = 0.71. 
Another 200 mg. per kilogram of the drug were given sub¬ 
cutaneously in the afternoon and an additional 200 mg. were 
given at 2 a.m. the next day. Eight hours later, four periods 
averaged 44.3/62.2 = 0.72. It would appear from these ex¬ 
periments that an increased metabolism of body protein, as 
well as an increased metabolism of exogenous protein, acts in 
the direction of increasing renal function. This fact may be 
significant in the observations made by Goldring (’31) on the 
urea clearance of man during the acute febrile stage of 
rheumatic infection. 

In order to test whether this increased renal activity is a 
specific effect of amino acids, a series of experiments were 
performed in which glycine was incorporated in the diet. 
Experiments 78 and 79 (chart 3) show that glycine increased 
the urea and xylose clearances immediately when administered 
by mouth, and also in the post-absorptive condition when 
incorporated in the diet to the extent of 25 gm. per day The 
effects of subcutaneous and intravenous administration of 
amino acid were examined in experiments 85 and 86. In these 
experiments both clearances essentially reached their peak 
values a few minutes after administration of glycine; the 
blood urea, however, showed no significant elevation at this 
time and was still rising at the conclusion of the observations, 
indicating that the final metabolism of the amino acid is not 
the effective factor in promoting renal activity. The fact 
that the clearances rose simultaneously with the blood amino 
acid, as shown by analyses of the latter that are not included 
here, indicates that the amino acid may act directly. There 
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is, however, no proportionality between blood amino acid- 
nitrogen and increased renal activity. 

Experiments 89 and 91 show that glycylglycine and alanine 
have the same action upon the urea and xylose clearances as 
glycine, and make it impossible to suppose that the stimulating 
effect is specific. Glucose, on the other hand (experiment 94), 
has no effect whatever. 

Additional experiments, not to be reported here, have shown 
that glycolic and pyruvic acids increase both clearances from 



10 to 50 per cent. It seems possible, therefore, that hydroxy 
acids produced during the metabolism of amino acids may be 
responsible in part for the increase in renal activity, and 
consequently it is unwise to attribute prepotency to the amino 
acid molecule itself. 

Other experiments performed in this laboratory have 
shown that the administration of a salt mixture similar in 
amount and in composition to the salt content of the meat 
diet is without effect on the urea and xylose clearances. Large 
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amounts of sodium sulfate administered intravenously have 
likewise been shown to exert no appreciable effect on these 
clearances. It should be reiterated that in all the experi¬ 
ments referred to above, the control observations, as well 
as the experimental ones, were made with the urine flow 
above the augmentation limit. 

DISCUSSION 

If the xylose 1 clearance be accepted as a measure of 
glomerular filtration, as recommended by Jolliffe, Shannon 
and Smith (’32), it is evident that the increased renal func¬ 
tion can in large part be accounted for by an increase in the 
latter. It is not possible to explain the facts that the feeding 
of meat, casein and glycine increase the urea clearances 
relatively more than the xylose clearance, whereas the ad¬ 
ministration of thyroxin and phlorizin has no such effect. 
The explanation of these facts cannot be obtained until an 
explanation is available of how the glomerular clearance itself 
is increased, or until it is known why the urea clearance is 
invariably lower than the xylose clearance. Richards and 
Plant (’22), Richards and Schmidt (’24), Bieter (’29), White 
(’30), Khanolkar (’22), Havman and Starr (’25) and Sheehan 
(’31) have advanced evidence that the activity of amphibian 
and mammalian glomeruli is variable, but the reasons for, and 
mechanism of, this variability are not yet clear. 

Briihl (’28) and Watzadse (’28) describe experiments in 
which failing glomerular circulation in an isolated perfused 
frog kidney is revived by the addition of glycine. These 
authors find that amino acids in general, dipeptides, amino 
acid amides, ercptone, and peptone all increase glomerular 
activity, and they maintain that the presence of some amino- 
nitrogen containing substance is necessary for continued 

1 Evidence obtained in this laboratory sine* 1 this work was completed suggests 
that there may be a small fraction of the filtered xylose that is actively reabsorbed 
(compare Shannon, *34). No final opinion on this matter, so far as the dog 
is concerned, can bo given at the present time, but if such proves to be the 
case the fact of this reabsorption would not modify the significance of the 
changes in clearance described here. 
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glomerular circulation. These observations are of particular 
interest in view of the results which have been reported here. 

SUMMARY 

The post-absorptive urea and xylose clearances in dogs 
maintained on a basal diet are low and constant from day 
to day, and feeding the basal diet has itself little effect on 
these clearances. 

The feeding of meat produces a gradual and prolonged 
post-prandial rise in both clearances relative to the levels 
existing before the meal. When meat is used as a maintenance 
diet over a period of 2 or 3 weeks the post-absorptive clear¬ 
ances are elevated, while the post-prandial effects of eating 
meat are not obliterated. 

A casein diet has qualitatively the same effect in elevating 
the urea and xylose clearances as has meat. The administra¬ 
tion of thyroxin to a dog maintained on a basal diet, and the 
administration of phlorizin to a fasting dog, likewise elevate 
the urea and xylose clearances above thcii respective post- 
absorptive levels. These facts indicate that protein metabo¬ 
lism as such, whether endogenous or exogenous, is responsible 
for the increase in renal function. 

Feeding a basal diet in which a part of the carbohydrate 
has been replaced by glycine has the same qualitative effect 
upon the post-absorptive and post-prandial urea and xylose 
clearances as has meat; and the subcutaneous or intravenous 
administration of glycine, glycylglyeine and alanine induces 
immediate but moderate increases in renal activity, whereas 
glucose is without effect. It would, therefore, appear that 
the primary effect of protein upon renal function is a result 
of the action of the amino acids, or of the hydroxy acids 
produced in the course of their metabolism, upon glomerular 
activity. 
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Recent investigations have shown that vitamin C and 
ascorbic acid are identical substances (King and Waugh, 
’32 a and b; Harris and Ray, ’33; Herbert, Hirst, Percival, 
Reynolds and Smith, ’33; Reichstein, Grussner and Oppen- 
auer, ’33; Ault, Baird, Charrington, Haworth, Herbert, Hirst, 
Percival, Smith and Stacey, ’33) and that ascorbic acid can 
be estimated quantitatively by titrating with a standard solu¬ 
tion of iodine or a standard solution of 2, 6-dichlorophenol- 
indoplienol. 

A review of the literature relative to the chemical estima¬ 
tion of vitamin C in foodstuffs (Tillmans and Hirsch, ’32; 
Wolff, Kckeln and Emmerie, ’33; Birch, Harris and Ray, ’33; 
Besscy and King, ’33) indicated that the method proposed 
by Bessey and King is the least affected by interfering sub¬ 
stances; consequently, this method was used in the following 
studies. 

The present investigation was conducted with the view of 
attempting to establish further correlations between chemical 
titration methods and the usual biological method for the 
estimation of vitamin 0 in fruit and vegetable juices. 

•Publication authorized by the Director of the Pennsylvania Agricultural 
Experiment Station, December 6,15134, as technical paper no. 665). 
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EXPERIMENTAL 

The studies herein reported consist of the determination 
of the ascorbic acid content of several fruit and vegetable 
juices by the chemical method and the subsequent compari¬ 
son of some of the results obtained by the conventional 
biological method of vitamin C assay. 

Chemical assay 

Bessey and King (’33) have pointed out that lemon juice 
could be used with reasonable accuracy in the standardiza¬ 
tion of the dye, while Birch, Harris and Ray (’33) stated 
that both lemon and orange juice are reliable in this respect. 

In these studies, lemon juice was always used in the stand¬ 
ardization of the dye solution. The technic used is as fol¬ 
lows: The dye solutions were prepared just previous to 
being used by dissolving 0.1 gm. of the dye in successive por¬ 
tions of warm water, diluting to 200 ml., then cooling and 
filtering. A 5 ml. aliquot of the freshly prepared and strained 
lemon juice was titrated with 0.01 normal iodine solution until 
a permanent bluing of the starch indicator resulted. Ten 
milliliters of an 8 per cent acetic acid solution were added to 
a second 5 ml. aliquot of the lemon juice and the dye solution 
run in from a burette until the end point (pink) was reached. 
By means of this technic, interfering substances which fade 
the dye slowly are easily detected when the end point has 
been reached. 

Since 1 ml. of 0.01 normal iodine solution reacts with 0.88 
mg. of ascorbic acid, the ascorbic acid equivalent of the dye 
solution was easily calculated. Other juices were then evalu¬ 
ated as to their ascorbic acid content by titrating against this 
dye solution of known titer. 

For the purpose of reference, the dye solutions used w^ere 
standardized occasionally against pure ascorbic acid as well 
as against several different, fruit juices. In table 1 are given 
the results obtained by standardizing some of the dye solution 
against ascorbic acid, lemon juice, orange juice, and grape¬ 
fruit juice. The results are expressed as milligrams of 
ascorbic acid for* each milliliter of the dye solution. 
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The above results indicated that lemon juice and grape¬ 
fruit juice could be used as standards without introducing 
serious errors in the technic. Orange juice, however, ap¬ 
peared to be less reliable in this respect. While the juice of 
only one orange was titrated in direct comparison with a 
known amount of ascorbic acid on each of the above days, 
other titrations of orange juice showed about the same irregu¬ 
larities when lemon juice was used as the check standard. 


Biological assay 

The biological assays were carried out according to the 
technic of Sherman, LaMer and Campbell (’22). Young 
guinea pigs weighing from 250 to 300 gm. were used as the 


TABLE 1 

Showing the results obtained by standardizing some of the dye solutions against 
ascorbic acid, l< man juice ; orange juice and grapefruit juice 


DATE 


VSCORIilC ACID j IiFMON JUICE 
STANDARDIZATION ( .STANDARDIZATION 


ORANTUIT JUICE ! GRAPEFRUIT* 
STANDARDIZATION STAND ARDIZA 


4 / 25/54 1 0 . 147 * . 0 155 

5 / 124/54 0.140 ^ | 0.150 

0 / 20/54 0 . 144 1 1 0.152 


0.105 .... 

0.100 0.150 

0.140 


1 Natural ascorbic acid furnished through the courtesy of Ur. C. O. King. 

3 Natural ascorbic acid furnished through the courtesy of Merck & Co. 
Synthetic ascorbic acid furnished through the courtesy of Hoffinann-LaKoche 
& Co. 


experimental animals. These pigs were kept in individual 
metal cages which were provided with raised screen floors. 
With the exception of a slight modifleation of the scorbutic 
diet, these animals were fed and handled according to the 
technic of the above authors. The basal scorbutic diet used 
in these studies contained 2 per cent of cod liver oil (Patch's 
medicinal grade) and 8 per cent of butter fat instead of the 
usual 10 per cent of butter fat. This alteration in the com¬ 
position of the scorbutic diet was made in order to insure a 
liberal supply of vitamin I). 

The first series of biological assays for vitamin O tvere 
made on fresh Florida orange juice and canned pineapple 
juice. A week’s supply of the fresh fruit and the canned juice 
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was kept in the refrigerator at all times during the test period. 
The juice of the oranges was extracted just previous to titra¬ 
tion and feeding. The canned pineapple juice was opened 
just before being used. 

Shrader and Johnson (’34) and Nelson and Molten (’34) 
had shown that when fruit juices are kept frozen for long 
periods of time, there is no appreciable loss of antiscorbutic 
potency. Consequently, for the second series of biological 
assays, composite samples of the various juices were pre¬ 
served in the above manner until the assays could be made. 
In the case of lemon juice, 5 dozen of each of three commercial 
grades of lemons were used as the source of juice. One dozen 
select grapefruits and 1 dozen fresh pineapples were used 
as sources of these juices. The fruits were pared by hand 
and the juices pressed out mechanically. The juices were 
strained and placed in small waxed-cardboard containers, 
each of which held an ample supply for daily experimentation, 
and then stored at a temperature of —10°F. The freshly 
thawed juices were fed to guinea pigs on the basis of the 
calculated minimum protective dosage as determined by the 
dye titer. It was hoped that by such a procedure, a uniform 
supply of the various juices could be had for the entire ex¬ 
perimental period, and that results could be obtained which 
would show whether or not the calculated levels of these juices 
furnished the desired degree of protection to guinea pigs, and, 
further, that some information might be obtained concerning 
a possible variation in the antiscorbutic potency of juices from 
different grades of lemons. The stored juices were titrated 
from time to time during the storage period against a stand¬ 
ard dye solution. The resultant titers showed that no 
marked decrease in vitamin C potency took place during the 
90-day storage period. 

Bessey and King (’33) have shown that 0.5 mg. of ascorbic 
acid daily per guinea pig prevented scurvy, allowed satis¬ 
factory survival, and maintained the experimental animals in 
a condition of reasonable sensitivity to changes in vitamin 
intake. Therefore, in these studies the calculations have been 
based on the assumption that 0.5 mg. of ascorbic acid or its 
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equivalent is the minimum protective dose for the average 
size experimental guinea pig. 

DATA AND DISCUSSION 

A condensed summary of the data obtained in these studies 
is given in the following tables. 

Table 2 gives the results obtained in a series of biological 
assays that were made on canned pineapple juice and fresh 

TABLE 2 

Showing the results obtained by feeding varying amounts of canned pineapple 
juice and fresh orange juice to groups of young guinea pigs that 
were receiving a scurvy-producesg diet 


: 

ANIMAL ! 
GROUP 1 
NO. j 

| NUMBER 
i OP 

1 ANIMALS 
CON¬ 
SIDERED 

SOURCE 

OF 

VITAMIN C 
(JUICES) 

QUANTITY 
OP JUICE 
FED 
DAILY 

TITRATION ^ 
EQUIV\LhNT 
IN MILLI¬ 
GRAM SOP 1 
ASCORBIC ACID 

THEORETICAL* 
i INTERr 

! NATIONAL 
UNITS 

AVERAGE 

DAILY 

GAIN 

IN 

WEIGHT 

SCURVY 

SCORE 

1 

1 

; 

ml. 



gm. 


1 

6 

Pineapple 

0 

0 

0 

All died 

Revere 

o 

« 

Pineapple 

3.0 

0.245 

5.7 

All died 

Severe 

3 

3 

Pineapple 1 

4.0 

0.352 

7.6 

0 

17 

4 

4 ! 

Pineapple 

5.0 

0.440 

9.5 

0.5 

8 

5 

9 ; 

Pineapple 

6.0 

0.528 

11.4 

1.8 

3 

0 

7 1 

Pineapple 

7.0 

0.616 

13.3 

2.4 

Cl 

1 

o 

7 

5 ! 

Pineapple 

8.0 

0.707 

15.2 

2.7 

0 

8 

8 

Pineapple 

9.0 

0.792 

17.1 

2.7 

0 

9 

7 

Pineapple 

10.0 

0.880 

19.0 

2.9 

0 

10 

4 

Orange 

1.0 

0.500 

11.0 

2.8 

0-2 

11 

9 

Orange 

1.5 

0.750 

16.5 

3.0 

0 

12 

9 

Orange 

2.0 

1.000 

22.0 

3.2 j 

0 

13 

8 

Orange 

3.0 

1.500 

33.0 

3.2 

0 

14 

6 

Orange 

4.0 

2.000 

44.0 

3.6 

0 

15 

5 

Orange 

5.0 

2.500 

55.0 

3.7 

0 


Calculations based on the average value (1.1 ml. — 0.5 mg. of ascorbic acid) 
obtained by titrating ten different samples of lemon juice. 


orange juice. The table also contains the equivalent ascorbic 
acid content of the respective quantities of the two juices fed, 
as determined by the dye titration method. In addition, the 
theoretical International units of vitamin C are given. 

The six animals comprising group 1, which served as a 
negative control, were all dead by the thirty-first day, while 
those animals comprising group 2 were all dead by the forty- 
second day. On autopsy, all animals of these two groups were 
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found to exhibit symptoms of severe scurvy. Although the 
animals of groups 3 and 4 survived the experimental period, 
they likewise showed symptoms of severe scurvy. The ani¬ 
mals of group 5 were somewhat irregular in their responses 
and, when autopsied, their scurvy score ranged from 1 to 6, 
with an average score of 3. 

The animals of group 6 showed only very mild symptoms 
of scurvy and their growth rates were not significantly, de¬ 
pressed. Due to these facts, this group of animals was con¬ 
sidered as having received a minimum protective dose of vita¬ 
min C or the equivalent of 0.5 mg. of ascorbic acid daily. 

The animals of groups 7, 8 and 9 all showed practically the 
same growth rate and survived the experimental period with¬ 
out showing any evidence of scurvy. 

The animals of group 10, which received orange juice, 
made a similar response to that of those animals comprising 
group 6, which received the canned pineapple juice. From 
this it appeared that 1 ml. of fresh orange juice was equiva¬ 
lent to about 7 ml. of canned pineapple juice in antiscorbutic 
potency. Results obtained by the dye titration had indicated 
that the relative antiscorbutic potencies of the two juices 
would be about 6:1. 

The animals of groups 11, 12, 13, 14 and 15 showed no evi¬ 
dence of scurvy^ during the experimental period and when 
autopsied they appeared to be normal in every respect. 

In table 3 are given the results of a second series of bio¬ 
logical assays. It may be observed from the data given in 
this table that the biological responses of the several groups 
of animals were quite uniform. In every case, with the excep¬ 
tion of one group, the calculated dosage gave the expected 
response. The animals of group 16, which received the calcu¬ 
lated sub-protective dosage of fresh pineapple juice, did not 
show as severe scurvy symptoms as mighf have been expected 
from the results given in a previous publication on this subject 
(Bessey and King, ’33). 

Table 4 contains the data obtained by titrating the juices 
of several fruits and vegetables against a standard solution 
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TABLE 3 

Showing the biological responses made by young guinea pigs receiving a scorbutic 
diet when this diet was supplemented by such quantities of the various 
fruit juices as would furnish a definite amount of ascorbic acid 


ANIMAL 

GROUP 

NO. 

NUMBER 

OF 

ANIMALS 

CON¬ 

SIDERED 

SOURCE 

OK 

VITAMIN C 
(JUICES) 

QUANTITY 
OF JUICE 
FED 
DAILY 

TITRATION 

EQUIVALENT 

IN MILLIGRAMS 
OF ASCORBIC 
ACID 

INTER¬ 

NATIONAL 

UNITS 

AVERAGE 
DAILY 
GAIN IN 
WEIGHT 

SCURVY 

SCORE 

16 

3 

Pineapple 

ml. 

1.0 

0.3 

6.6 

gm. 

2.4 

6 

17 

5 

Pineapple 

1.6 

0.5 

11.0 

2.4 

0-2 

18 

5 

Pineapple 

2.2 

0.7 

15.4 

3.4 

0 

39 

4 

Lemon 1 

1.3 

0.5 

11.0 

2.8 

0-2 

20 

3 

Lemon II 

1.1 

0.5 

11.0 

2.5 

0-2 

21 

5 

Lemon III 

3.0 

0.5 

10.0 

2.8 

0-2 

22 

6 

Grapefruit 

1.9 

0.5 

11.0 

2.7 

0-2 


TABLE 4 

Showing the ascorbic acid equivalent and the calculated minimum protective dose 
of various fruit and vegetable juices as determined by titrating against 
a standardised solution of 2, 6’dichlorophenohndophcnol 


KINDS OF 
JUICE 

USED 

QUALITY 

OF 

JUICE 

NUMBER OF 
SAMI'LKR 
CONSIDERED 

! 

ASCORBIC 

ACID 

EQUIVALENT 

CALCULATED MINIMUM 
UROTKCTIVE DOSAGE 
(AVERAGE) 




( rug. per ml.) 

(ml.) 

Lemon 

Preah 

13 

0.455 

1.1 

Orange 

Fresh 

10 

0.500 

1.0 

Orange 

Canned 

2 

0.294 

1.7 

Tangerine 

Fresh 

2 

0.208 

2.4 

Lime 

| Fresh 

1 

0.459 

3.1 

Grapefruit 

I Fresh 

1 

0.266 

1.9 

Grapefruit 

j Canned 

1 

0.410 

1.2 

Pineapple 

j Fresh 

2 

0.310 

3.6 

Pineapple 

Canned 

18 

0.070 

7.2 

Tomato 

Fresh 

i j 

I 0.157 

3.2 

Tomato 

Canned 

i 

0.242 

2.1 

Peach 

Fresh 

i 

0.018 

27.8 

Plum 

Fresh 

i 

0.030 

16.7 

Rhubarb 

Fresh 

i 

0.278 

1.8 

Sauerkraut 

Canned j 

i 

0.082 

6.2 

Cabbage 

Fresh 

i 

0.427 

| 1.2 

Peppers 

Green 

i 

0.203 

2.5 

Carrots 

Fresh 

i 

0.040 

12.5 

Celery 

Fresh 

i 

0.009 

55.6 

Turnip 

Fresh 

i 

0.191 

2.6 

Cucumber 

Fresh 

i 

0.012 

41.6 

Potato 

Fresh 

i 

0.021 

23.8 
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of the dye. In this table, the results are expressed in terms 
of the ascorbic acid equivalent in milligrams per milliliter 
of juice and as the quantity required to furnish a minimum 
protective dose. 


SUMMARY 

A study has been made concerning the value of the chemical 
titration method for determining the vitamin C potency of 
certain food substances. In these studies, the ascorbic acid 
content of certain fruit and vegetable juices was determined 
by titrating against a standard solution of 2, 6-dichlorophenol- 
indophenol. In order to ascertain the accuracy of the data 
obtained through the chemical titration method, biological 
assays were also made on a number of the fruit juices used 
in this study. From the results obtained it appears that: 

1. The chemical titration method for the estimation of 
ascorbic acid is of material value in determining the vitamin C 
potency of certain fruit and vegetable juices. By means of 
this method, it is possible at least to approximate the anti¬ 
scorbutic activity of the juices before the biological assay is 
started, thus saving time and expense. 

2. The accuracy of the results obtained by the chemical 
titration method appears to depend to an appreciable degree 
upon the nature of the juice that is being titrated. Some juices 
contain interfering substances that react with the dye, thus 
complicating the titration results and leading to erroneous 
conclusions. 

3. For lemon juice, orange juice, grapefruit juice and fresh 
pineapple juice, the values obtained by the chemical titration 
method are in close agreement with those obtained by the 
usual biological assay method. 

4. Fresh pineapple juice, when evaluated for its antiscor¬ 
butic potency by the chemical method, gives values in closer 
agreement with those obtained by the biological method than 
does the canned pineapple juice, owing to the presence of 
interfering substances in the latter. 
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Mitchell (’27) has suggested that the nitrogen of beef liver 
has a higher biological value for rats than that of beef round, 
attributing the difference to some extent to relatively larger 
amounts of connective tissue in the round. The study here 
reported was made to see if similar results for nitrogen would 
be obtained with human subjects and to determine the utili¬ 
zation of the phosphorus from the two meats. Samples were 
also analyzed for collagen and elastin nitrogen, so the rela¬ 
tionship of these factors to the utilization of total nitrogen 
and phosphorus might be studied. 

The subjects were three healthy young college women, 
ranging in weight from 56 to 60 kg., with activities varying 
from light to moderate exercise. Subjects A and B consumed 
39 and subject C 42 Calories per kilogram daily, amounts 
sufficient to maintain their weights. 

The experiment was divided into two parts, one for each 
meat. Each part consisted of a 4-day preliminary period 
followed by two 4-dav experimental periods. The meats 2 
were of good grade and of known history. Equal weights of 
liver and round were used from the same animal, thus elimi¬ 
nating differences due to grade. Each meat was freed from 
visible fat, coarsely ground once to permit of sampling, and 

1 Contribution no. 37, Department of Home Economies. 

•The authors wish to thank Prof. David Mackintosh, of the Department of 
Animal Husbandry of Kansas State College, for supplying the meats. 
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mixed well. Weighed portions for every lunch and dinner 
for each individual were wrapped separately and kept frozen 
until used. Then they were browned without fat and cooked 
slowly in individual pans in a small amount of distilled water. 

The diet (table 1) consisted of the meat to be tested, a low- 
nitrogen bread of cracker-like texture, filtered butter fat, 


TABLE 1 

Daily food intake 


SUBJECT 

FOOD 

| BEEF ROUND PERIOD 

j BEEF LIVER 

PERIOD 


Weight 

Protein 

oo 

e 

o 

A 

5f 

o 

A 

CU 

Calories 

•*» 

A 

% 

£ 

.2 

© 

u 

Ph 

Phosphorus 

Calories 



gm. 

gm. 

gm. 


gm. 

gm. 

gm. 


A and B 

Meat 

131.0 

28.81 

0.232 

204 

136.8 1 

30.88 

0.493 

176 


Bread 1 


0.53 


927 


0.53 


927 

(56 kg. 

Butterfat, 









each) 

filtered 

17.0 



153 

20.5 

1 


185 


Beverage 8 

1120.0 

11.75 

0.188 

910 

1120.0 

8.75 

0.179 

910 


Calcium 










carbonate 1 

0.550 




0.538 





Ferric 










citrate 

0.043 




0.008 


i 



Sodium 






■ 

| 



chloride 

3.000 




3.000 





Total 


41.09 

0.420 

2194 


40.16 

0.672 

2198 

0 

Meat 

143.2 

31.63 

0.253 

223 

149.5 

33139 

0.539 ; 

193 


Broad 1 


0.53 


927 


0.53 


927 

(60 kg.) 

Butterfat, 










filtered 

15.0 



135 

18.5 



167 


Beverage * 

1120.0 

11.75 

0.188 

910 

1120.0 

8.75 

0.179 

910 


Candy * 




321 




321 


Calcium 










carbonate 

0.680 




0.643 





Ferric 










citrate 

0.042 




0.004 





Sodium 










chloride 

3.000 




3.000 





Total 


43.91 

0.441 

2516 


42.97 

0.718 

2518 


1 Bread: cornstarch 120 gm.; lactose, 40 gm.; Dextri-maltose, 15 gm.; baking 
powder, tartrate, 3 gm.; sodium chloride, 3 gm.; Agar, 4 gm.j butterfat, filtered, 
32 gm.; water, distilled, 80 gm. 

* Beverage: orange juice, 1000 gm.; lactose, 80 gm.; sucrose, 40 gm. 

•Candy: sucrose, 70 gm.; cornstarch, 4 gm.; butterfat, filtered, 3 gm.; water, 
distilled, 60 gm. 
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and orange juice with lactose and sucrose. Subject C also 
ate a fondant-like candy. During the liver period the butter 
fat was increased slightly to maintain the caloric intake; 
otherwise the two diets were the same, except for the meat. 
Both diets were base-forming. Distilled water was used in 
approximately constant amounts by each subject, ranging 
from 650 to 1000 cc. daily, according to individual preferences. 
The sodium chloride content of the diet was also controlled. 
Calcium and iron were brought up to accepted standards 
(Sherman, ’32) by addition of calcium carbonate and ferric 
citrate. 

Analysis of the foods used showed the meats to be some¬ 
what higher in nitrogen and the orange juice and cornstarch 
much higher than expected. This placed the nitrogen some¬ 
what above the calculated level of 85 per cent of the protein 
requirement suggested by Sherman (’32), i.e., 44.4 gm. per 
70 kg. of body weight, and reduced the percentage supplied by 
the meats, to an average of approximately 71 per cent of the 
total nitrogen for the beef round period and to 77 per cent 
for the beef liver. However, since the protein level was still 
low and the proportion supplied by the meat high, it is be¬ 
lieved the results obtained may be attributed largely to the 
meat consumed. 

The round supplied an average of 56 per cent of the total 
dietary phosphorus and the liver 74 per cent—amounts lower 
than desired, but still providing the major portion of the 
phosphorus in the diet. On the basis of 0.88 gm. phosphorus 
daily per 70 kg. of body weight (Sherman, ’32), the phos¬ 
phorus intake in the beef round period averaged only 59 per 
cent of the amount needed by the different subjects, whereas 
when liver was eaten, the requirement was somewhat more 
than met. 

Urine was collected quantitatively for each 24-hour day and 
feces for each 4-day period. The usual precautions were used 
in caring for samples. Total nitrogen was determined by the 
Kjeldahl-Gunning procedure; phosphorus by the volumetric 
method of the Association of Official Agricultural Chemists; 
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and collagen and elastin nitrogen by a revised method from 
the Illinois Agricultural Experiment Station. 

All subjects were in positive nitrogen balance with both 
meats (table 2). With an average daily intake of approxi¬ 
mately 0.12 and 0.11 gm. nitrogen per kilogram, respectively, 
for the two meats, the average daily retention for the 8 ex¬ 
perimental days of the beef round period was -f- 0.91 ± 0.11 
and for the beef liver + 0.82 ± 0.11 gm. per person or + 0.016 
and + 0.014 gm. per kilogram. For the 24 experimental days 
on each meat for the entire group, there were twenty-two 
positive balances for round and twenty-one for liver. Two 
subjects had negative balances in each case. 

The average coefficients of digestibility for the nitrogen for 
the various subjects on beef round ranged from 79.3 to 84.8 
per cent and averaged 82.5 per cent for all subjects. With 
beef liver it ranged from 73.7 to 86.6 per cent and averaged 
82.1 per cent, which was practically the same as for round. 
Subjects B and C had higher coefficients of digestibility for 
liver nitrogen, but subject A digested round better. The 
lowest values for both meats were for subject A indicating 
that individual differences are an important factor. Although 
the diet contained more nitrogen when round was eaten, no 
difference in urinary nitrogen output was observed. It aver¬ 
aged 0.08 gm. per kilogram of body weight per day for each 
kind of meat; again suggesting that the nitrogen of the two 
meats was used about equally well. Any differences observed 
apparently were not significant. 

Both collagen and elastin nitrogen were lower in liver than 
in round of beef (table 2). Since any difference in utilization 
of these two meats was slightly in favor of beef round, some¬ 
thing other than connective tissue must have influenced the 
results. 

The average phosphorus balance for all subjects for both 
meats was slightly negative amounting to — 0.035 ± 0.015 gm. 
per person per day for the round and — 0.010 gm. ± 0.020 
gm. for the liver which, in the latter case, was approximate 
equilibrium. Two subjects were in negative phosphorus 
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balance on round, whereas only one was negative on liver, but 
when round was eaten the diet averaged 7.4 mg. phosphorus 
per kilogram of body weight; in the liver period, 12.0 mg. per 
kilogram. Both fecal and urinary phosphorus were higher 
for all subjects when liver was eaten, as was to be expected 
with the higher intake in this period. However, fecal phos¬ 
phorus was lowered from an average of 43.5 per cent for 
round to 34.0 per cent for liver, which suggests superior 
absorption of liver phosphorus. 

The large amounts of orange juice and lactose in the diet 
probably favored the use of the phosphorus, since they are 
believed to increase acidity in the digestive tract and raise 
absorption accordingly (Bergeim, ’26; Chaney and Blunt, 
’25). The basic reaction of the foods used may also have had 
an effect. On the other hand, the diet was low in vitamin D 
and the ultraviolet light received by the subjects was limited— 
factors unfavorable to best usage of phosphorus—as was a 
probable disproportion in the ratio of phosphorus to calcium. 

SUMMARY 

Three young women apparently used the nitrogen of round 
of beef fully as well as that from liver of beef, as indicated 
by almost identical coefficients of digestibility and a slightly 
more favorable nitrogen balance during the period round was 
eaten. The latter may be accounted for by a slightly higher 
intake. 

The phosphorus balance was but little lower on round, al¬ 
though the diet during this period supplied less than two- 
thirds as much phosphorus. A higher percentage of the liver 
phosphorus may have been absorbed. 

The collagen and elastin were higher in round than in liver, 
so apparently could not have affected seriously the utilization 
of the total nitrogen of this cut. 
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UTILIZATION OF MEAT BY HUMAN SUBJECTS 1 

III. THE UTILIZATION OF THE NITROGEN AND PHOSPHORUS OF 

BEEF HEART 

BERNICE L. KUNERTH, IDA M. CHITWOOD AND MARTHA 8. PITTMAN 
Kansas Agricultural Experiment Station f Manhattan 

(Received for publication January 7, 1935) 


Beef heart has been reported (Mitchell, ’27) to have a 
biological value for rats somewhat lower than liver, but 
superior to round. To investigate the value of beef heart for 
human subjects, the utilization of its nitrogen and phosphorus 
has been studied by means of balance experiments. Beef 
round was used as a control. The subjects, four healthy 
young college women, maintained their weights (table 2) 
throughout the experiment on an intake of 45 Calories per 
kilogram. 

The diet (table 1) and procedure for conducting the ex¬ 
periment were essentially the same as in earlier studies 
(Long and Pittman, ’35). A good grade of beef of known 
origin wms used. The heart and an equal weight of round 
were taken from each of eleven carcasses. The meats 2 were 
prepared, stored, and cooked as previously described. 

The diet furnished approximately the daily protein require¬ 
ment of 44.4 gm. per 70 kg. (Sherman, ’32) for the beef round 
period and from 13 to 18 per cent in excess of this during 
the beef heart period. The daily phosphorus intake averaged 
67 per cent of the requirement of 0.88 gm. per 70 kg. (Sher¬ 
man, ’32) for the beef round period and 88 per cent for the 

1 Contribution no. 42, Department of Home Economics. 

8 The authors wish to thank Prof. David Mackintosh, of the Department of 
Animal Husbandry of Kansas State College, for supplying the meats. 
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TABLE 1 

Daily food intake 




BEEF ROUND PERIOD 

BEEF HEART PERIOD 

SUBJECT 

FOOD 

Weight 

Protein 

Phos¬ 

phorus 

Calories 

Weight 

Protein 

Phos¬ 

phorus 

Calories 



gm. 

gm. 

gm. 


gm. 

gm. 

gm. 


A 

Meat 

113.6 

21.9 

0.203 

132 

151.4 

24.9 

0,319 

176 


Bread 1 


0.4 


927 


0.4 


927 


Butterfat, filtered 

20.0 



180 j 

15.0 



135 


Beverage 2 

1120.0 

9.5 

0.205 

910 

1120.0 

10.0 

0.216 

910 


Calcium carbonate 

0.400 




0.399 





Ferric citrate 

0.024 




0.020 





Sodium chloride 
Total 

4.000 

31.8 

0.408 

2149 

4.000 

35.3 

i 

0.535 

2148 

B 

Meat 

125.6 

24.1 

0.225 

146 

167.3 

27.5 | 

0.353 

194 


Bread 1 


0.4 


027 


0.4 


927 


Butterfat, filtered 

43.2 



389 

38.0 



342 

- 

Beverage 2 

1120.0 

9.5 

0.206 

910 

1120.0 

10.0 

0.217 

910 

: 

Calcium carbonate 

0.518 




0.517 





Ferric citrate 

0.028 




0,023 





Sodium chloride 
Total 

4.000 

34.0 

0.431 

2372 

4.000 

1 37.9 

0.570 

2373 

c 

Meat 

“127.8” 

nr 

0.229 

148 

T70.0~ 

281 

0.359 

197 


Bread 


0.4 


927 


0.4 


927 


j Butterfat, filtered 

47.7 



429 

42.0 



378 


Beverage 

1120.0 

9.5 

0.205 

910 

1120.0 

10.0 

i 0.215 

910 


Calcium carbonate 

0.539 




0.538 





Ferric citrate 

0.028 




0.024 





Sodium chloride 
Total 

4.000 

34.3 

0.434 

2414 

4.000 

38.5 

0.574 

2412 

“d“ 

Meat 

13L5 

25.0 

0 236 

153 

175.2 

28~8 

0.369 

“203 


Bread 


0.4 


927 


0.4 


927 


Butterfat, filtered 

55.0 



495 

49.3 



444 


Beverage 

1120.0 

9.5 

0.206 

910 

1120.0 

10.0 

0.217 

910 


Calcium carbonate 

0.577 




0.585 





Ferric citrate 

0.029 




0.025 





Sodium chloride 

4.000 




4.000 





Psyllium seed 

18.000 

2.1 

0.068 


18.000 

2.2 

0.068 



Total 


37.0 

0.510 

2485 


41.4 

0.654 

2484 


‘Bread: cornstarch, 120 gm.; lactose, 40 gm,; dextri-maltose, 15 gm.; baking powder, 
tartrate, 3 gm.; sodium chloride, 3 gm.; agar, 5 gm.; butterfat, filtered, 32 gm.; water, 
distilled, 80 gm. 

1 Beverage: orange juice, 1000 gm.; lactose, 80 gm.; sucrose, 40 gm. 
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beef heart period. The unexpectedly high nitrogen content 
of the orange juice and the difference in the amount of nitro¬ 
gen in the meats from the calculated values made the nitrogen 
level of the diet higher than was desired and reduced the pro¬ 
portion supplied by the meats. The meats actually furnished 
an average of only 70 per cent of the total nitrogen and 50 
per cent of the total phosphorus for all subjects in the beef 
round period and 71 per cent of the total nitrogen and 60 per 
cent of the total phosphorus when beef heart was eaten. 

The methods of collection, preservation, and analysis were 
the same as described by Pittman (’32). 

The average nitrogen balance for all subjects was slightly 
positive for both meats, amounting to + 0-02 ± 0.32 gm. for 
round and + 0.60 ± 0.10 gm. for heart. The difference be¬ 
tween the values for the two meats is of doubtful significance 
(ole —3.6) and may be due to the level at which the meats 
were fed rather than to quality of nitrogen. Three subjects 
showed a negative balance for the 8 days of the round period 
on an intake of 0.11 gm. nitrogen per kilogram, whereas all 
were in positive balance when heart was eaten at the some¬ 
what higher level of 0.12 gm. per kilogram. There were 
fifteen positive balances for round and twenty-seven for 
heart out of 32 and 33 experimental days, respectively. Long 
and Pittman (’35) obtained, with beef round on a similar diet, 
an average balance of 4- 0.91 ± 0.11 gm. with an intake of 
0.12 gm. nitrogen per kilogram. The average coefficients of 
digestibility for nitrogen in the present study were practically 
identical for the two meats approximating 87 per cent for 
both. As noted in other experiments, variations in the same 
subject from day to day and individual differences were 
greater than those noted between meats. 

Urinary nitrogen averaged 0.089 gm. per kilogram daily 
for all subjects with each cut of meat and, as coefficients of 
digestibility were also similar, it appears that retention of 
nitrogen from the two meats was equally good, though the 
round supplied a smaller amount. 
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The heart contained more than twice as much collagen 8 as 
the round and but little more elastin (table 2). As heart 
showed somewhat higher balances for both nitrogen and phos¬ 
phorus than round and was equally well digested, its larger 
amount of connective tissue apparently did not decrease its 
value to a noticeable degree. This beef round was approxi¬ 
mately 25 per cent higher in both forms of connective tissue 
than that used by Long and Pittman (’35) which may help to 
explain the higher balance they obtained. 

The average daily phosphorus balance for all subjects on 
beef round with an intake averaging 8.5 mg. per kilogram was 
— 0.054 ± 0.009 gm. During the heart period, with intake 
averaging 11.1 mg. per kilogram, the average daily balance 
was more favorable, amounting to + 0.002 ± 0.010 gm. While 
the difference between the two values may appear to be signifi¬ 
cant (£. 009 = 6)> if is probable that it was also due to the level 
at which the meats were fed. All subjects were in negative 
phosphorus balance on beef round; with heart, as was to be 
expected with a higher intake, all approached equilibrium, 
two being slightly negative and two slightly positive. Superior 
quality of meat phosphorus is suggested when it is compared 
with that from navy beans (Pittman, ’32) where, with an in¬ 
take slightly higher per unit of weight than the highest for 
meat, the balance was considerably more negative. The re¬ 
sults reported by Long and Pittman (’35) showed a slightly 
more favorable usage of beef round phosphorus on a some¬ 
what lower intake per kilogram than was obtained in these 
experiments. Their values for beef liver, on a somewhat 
higher intake of phosphorus per unit of weight, wore close to 
these for beef heart. 

With one exception, both urinary and fecal phosphorus were 
increased in the beef heart period, though the percentage dis¬ 
tribution did not change greatly. It appears that absorp¬ 
tion of phosphorus from the two meats was not widely 
different. 

* Analyses were made by the Chemistry Laboratories of the Kansas Agricultural 
Experiment Station. 
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SUMMARY 

Four college women seemingly used the nitrogen of beef 
heart at least as well as that from beef round as indicated by 
practically identical coefficients of digestibility and losses of 
urinary nitrogen. A higher nitrogen balance for heart may 
probably be explained by a somewhat higher nitrogen intake. 

Differences in utilization of phosphorus from the two meats, 
which were also in favor of beef heart, were not great and 
probably were also due lo level in the diet. The heart con¬ 
tained more connective tissue than the round, but, as the 
balances for both nitrogen and phosphorus were slightly 
higher for this meat, it apparently did not prevent good usage 
of these elements. 

Daily variations in the nitrogen and phosphorus metabolism 
of an individual subject and differences between subjects were 
often greater than the differences in availability of these 
elements from the two meats. 
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THE NUTRITIVE VALUE OF FUNGI 


II. THE VITAMIN B, G AND B 4 CONTENT OP THE MYCELIUM OP 
ASPERGILLUS SYDOWI 1 

H. J. GORCICA, W. H. PETERSON AND H. STEENBOCK 
Departments of Agricultural Chemistry and Agricultural Bacteriology, 
University of Wisconsin, Madison 

FOUR FIGURES 

(Received for publication January 9, 1935) 


Although yeast has been widely used for several decades as 
a source of vitamin B, the closely related filamentous fungi 
belonging to the genera Aspergillus and Penicillium have not 
been examined for this substance until very recently. 

Takata (’29) tested the dried mycelium of A. oryzae as a 
source of vitamin B for young growing albino rats. He con¬ 
cluded that the dried mycelium had about one-fifth the amount 
of the growth-promoting vitamin B possessed by dried 
brewer’s yeast. Takahashi (’29) grew A. oryzae through 
many transfers on a modified Pfeifer’s solution to exhaust all 
the vitamin B, and then grew the mold in larger quantities on 
the same medium. An extract of the mold caused good growth 
of pigeons and rats, and protected them from polyneuritis. 
Fawns and Jung (’33) reported that rats were cured of beri¬ 
beri when a black mold developed spontaneously on their 
basal vitamin B-free diet. When no mold had formed on the 
basal diet the animals lost weight. 

1 The authors are indebted to Professors Hart and Elvehjem for advice regard- 
ing the technic which they have developed in the use of the chick for vitamins 
B, G and B 4 assay. They are also indebted to Dr. 0. L. Kline for assistance in 
carrying out certain phases of the assay. 

This work was supported in part by a grant from the Wisconsin Alumni 
Research Foundation. 
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In a previous report from this laboratory (Skinner, Peter¬ 
son and Steenbock, ’33) it was shown that the dried mycelium 
of A. fischeri and A. sydowi, when fed at a 20 per cent level, 
contained sufficient vitamin B to promote good growth of 
young rats and to afford complete protection against poly¬ 
neuritis. Animals fed at a 5 per cent level failed to grow, and 
eventually became polyneuritic. 

The present work was first undertaken to determine more 
accurately the content of the vitamin B complex in mold 
mycelium. Later, it was decided to determine as well the 
presence of various members of the vitamin B complex, avail¬ 
ing ourselves of the use of the chick as the experimental 
animal. 

EXPERIMENTAL 

Preparation of mold mycelium. The mold used in these 
experiments was Aspergillus sydowi, one of the species used 
in our previous work (Skinner, Peterson and Steenbock, ’33). 
It was grown under aseptic conditions on a sterilized medium 
of the following composition: 10 gm. NH 4 N0 3 , 6.8 gm. 
KH 2 P0 4 , 5 gm. MgS0 4 .7H 2 0, 0.16 gm. FeCl 3 .6H 2 0, 0.05 gm. 
ZnS0 4 .7II 2 0, and 100 gm. glucose, made up to 1 liter with tap 
water (Peterson, Pruess, Gorcica and Greene, ’33). On this 
medium any vitamin found in the mycelium may be considered 
as having been synthesized by the organism. The mold was 
allowed to grow for 10 days. The mold mycelium was then 
removed, washed with cold water under the tap, squeezed 
lightly by hand to free it from water, packed into cans, frozen 
and stored at a temperature of 5°F. It was removed from 
cold storage as needed, ground to a fine paste and incorpo¬ 
rated wet into the ration. 

The rations for both rats and chickens, made up in quanti¬ 
ties for 1 week’s feeding, were kept in tightly-closed con¬ 
tainers which were stored in an electric refrigerator. Be¬ 
cause of the fact that growth of mold often took place on the 
mixed rations left in the cages overnight, especially on those 
with a high moisture content, the unconsumed portions were 
generally discarded each morning. 
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Composition of rat rations. The basal ration used with rats 
had the following composition: cooked cornstarch, 76 parts; 
acid-extracted casein, 18 parts; salt mixture no. 40 (Steenbock 
and Nelson, ’23), 4 parts; and cod liver oil, 2 parts. Mold 
was added to this at levels of 10 and 20 per cent calculated on 
the dried basis, the amount of starch being reduced corre¬ 
spondingly. The ration therefore varied in water content 
according to the amount of mold added. The mold itself had 
a fairly constant water content of 75 per cent, with the excep¬ 
tion of the batch which was fed for the first 3 weeks to the 
group getting mold at a 20 per cent level. 

Mold as a source of the vitamin B complex for rats. Young 
male rats weighing from 50 to 60 gm. were used in this ex¬ 
periment. Each rat was placed in an individual cage with 
a screen bottom and screen sides. Each animal had his own 
feed cup in which a weighed portion of ration was placed each 
day, after any uneaten portion was discarded. 

The group getting 20 per cent mold as the sole source of 
vitamin B was used as a control in another experiment and 
was limited to an intake of 537 gm. (dry basis) per rat over 
the 10 weeks period. This represents 107 gm. of dry mold 
eaten during the experiment, or an average intake of 1.53 gm. 
of mold per rat per day. 

The growth curve (average of six) of this group is given in 
figure 1. The growth secured was excellent, the average gain 
of the group in 10 weeks was 139 gm. The break in the first 
part of the curve is due to limited consumption because of the 
high water content of the ration during the second week. The 
animals appeared to be in the best of health during the ex¬ 
periment. The portions of ration weighed out in the cups 
were completely consumed by each animal throughout the 
experiment, and the animals always seemed exceedingly 
hungry. There is little doubt that the animals would have 
eaten considerably more food if it had been given to them. 
The growth curve of this group represents the efficiency with 
which the ration was utilized rather than the greatest possible 
growth on the ration. 
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The group ate 96.7 gm. of casein and 38.7 gm. mold protein, 8 
or 135.4 gm. of total protein. Thus the average gain in weight 
represents a gain of 1.03 gm. per gram of total protein 
consumed. 

The group getting 10 per cent mold as sole source of vita¬ 
min B was not limited in consumption, except in so far as was 
necessary to keep the intake of the entire group approxi¬ 
mately equal. The total intake in 10 weeks was 522 gm. The 
group made an average gain in weight of 130 gm. The con¬ 
sumption of mold was 52.2 gm. (dry basis) per rat in 10 weeks, 
or an average of 0.75 gm. per rat per day. Toward the end 
of the period three of the six rats showed a slightly decreased 



20% MOLD 10 % MOLD 


Fig. 1 Mold mycelium as a source of the vitamin B * complex f for rats. The 
figures in parentheses indicate the number of individuals represented in each curve. 


consumption of food. Except for this slight loss in appetite, 
none of the animals gave any signs of paralysis or any other 
disorder. 

From the results obtained with these two groups, we may 
conclude that 20 per cent of mold (dry basis) in the ration, 
yielding 1.5 gm. of mold daily, furnished enough vitamin B to 
support good growth in young rats. Mold fed at a 10 per cent 
level yielding 0.75 gm. per day was almost as effective in pro¬ 
moting growth, but did not supply quite as great a stimulus 
to the appetite. 

•Mold protein as calculated from N X 6.25. This is known to be too high a 
figure, since much of the mold nitrogen is non-protein in character (Gorcica, 
Peterson and Steenbock, ’34). 
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Consumption of chick rations. The technic and the rations 
used in demonstrating the presence of various members of the 
vitamin B complex were those worked out by members of this 
department (Kline, Keenan, Elvehjem and Hart, ’32; Keenan, 
Kline, Elvehjem, Hart and Halpin, ’33). 

The basal ration used for the determination of vitamin B 
(Bi) contained the following: yellow corn, 58 parts; wheat 
middlings, 25 parts; casein, 12 parts; NaCl, 1 part; Ca00 3 , 
2 parts; cod liver oil, 2 parts. This ration, however, contains 
plenty of vitamin B, because it supports normal growth; on 
it the chicks may attain a weight of 300 gm. at the end of 
6 weeks. To make it deficient in vitamin B, the yellow corn, 
wheat middlings, casein and salt were autoclaved at 120° and 
15 pounds pressure for 5 hours. Four per cent of yeast 
which had been autoclaved for 5 hours at 15 pounds pressure 
was then added to supply an adequate amount of B 2 (G), since 
the amount of (1 in the mold was not known. The ration 
treated in this manner has been designated as ration 241A. 

A basal ration suitable for testing for vitamin G was pre¬ 
pared by heating the yellow corn, wheat middlings, casein 
and salt of the above basal ration at 100° for 144 hours in the 
dry state. This ration has been designated as ration 240H. 

Ration 441A was used as the basal ration for determining 
vitamin B 4 . This ration had the following composition: cooked 
cornstarch, 53.5 parts; casein autoclaved 5 hours at 15 pounds, 
24.0 parts; salts, 2.5 parts; yeast, 8.0 parts; liver residue 
autoclaved 10 hours at 15 pounds, 10.0 parts; cod liver oil, 
2 parts. Chicks on this ration develop a paralysis typical of 
avitaminosis B 4 , which can be prevented by dried liver added 
at an 18 per cent level. 

To introduce the mold into the basal rations, the frozen 
mold was ground to a fine paste, then mixed in while still very 
cold. The complete rations were packed into containers with 
tightly-fitting lids and stored in a refrigerator. They were 
made up fresh each week. 

The chicks used for the experiment were day-old White Leg¬ 
horns with an initial weight of 30 to 35 gm. obtained from the 
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University Poultry Department. They were placed in groups 
of ten in cages with screen bottoms. At the end of the first 
week, the number was reduced to seven in a group. 

Mold as a source of vitamin B for chicks. On the basal 
autoclaved ration (241A) all of the chicks developed poly¬ 
neuritis in 7 to 9 days and died in from 8 to 12 days (fig. 2). 
On the basal ration supplemented with 5 per cent mold, all 
of the chicks developed polyneuritis in from 10 to 16 days 
and died in from 11 to 19 days. 

When mold was added at a level of 10 per cent, only one 
chick in the group developed polyneuritis. The six survivors 
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Fig. 2 Mold mycelium as a source of vitamin B for chicks. The numbers in 
parentheses indicate the number of individuals represented in each curve. The 
heavy horizontal lines followed by crosses indicate the length of life of the chicks 
on the rations concerned. 

grew throughout the period, attaining an average weight of 
218 gm. at the end of 6 weeks. This is not normal growth. 

At a level of 15 per cent the mold completely prevented 
the appearance of polyneuritis. The average weight of the 
group at the end of 6 weeks was 296 gm. At a level of 20 per 
cent the mold completely prevented polyneuritis and in addi¬ 
tion promoted better growth than at any of the lower levels. 
The chicks in this group attained an average weight of 362 gm. 
in 6 weeks, which is considered normal for this age. 

Thus it is seen that, while 10 per cent of mold in the ration 
is sufficient to prevent polyneuritis, higher levels improve the 
growth performance. 
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Mold as a source of vitamin G for chicks. The growth 
curves of the chicks in this experiment are shown in figure 3. 

The chicks in the negative control group (ration 240H) all 
developed pellagra in 2 to 4 weeks. The most obvious symp¬ 
toms were the large black ulcers at the corners of the mouth, 
and, somewhat later, the appearance of a sticky exudate about 
the eyes. In many cases the eyelids adhered to one another 
and remained completely closed. At the end of 5 weeks all 
of the chicks still alive had the above severe symptoms of 
pellagra and were therefore discarded. 
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Fig, 3 Mold mycelium as a source of vitamin G for chicks. The numbers in 
parentheses indicate the number of individuals represented in each curve. The 
star at the end of the curve indicates that all members of the group had severe 
pellagra and were therefore discarded at that point. 



The addition of mold at a 20 per cent level caused an ex¬ 
ceptionally rapid growth—the group reached an average 
weight of 528 gm. in 6 weeks. When 5 per cent of mold was 
added to the basal ration, the chicks grew very well, reach¬ 
ing an average weight of 417 gm. in 6 weeks. They did not 
develop any symptoms of pellagra. When the level of mold 
was reduced to 3 per cent the chicks still grew fairly well, 
reaching an average weight of 306 gm. in 6 weeks. This level 
of mold still furnished complete protection against pellagra. 
At a 1 per cent level the mold still gave the chicks complete 
protection against pellagra, but the ration no longer supported 
good growth. 
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Mold as a source of vitamin B 4 for chicks. The growth 
curve of the group of chicks serving as negative controls on 
the basal ration is shown in figure 4. This group did not 



30% MOLD 15% MOLD CONTQOLS 

Pig. 4 Mold mycelium as a source of vitamin B 4 for chicks. The numbers in 
parentheses indicate the number of individuals represented in each curve. The 
arrows indicate the time of appearance of severe symptoms of paralysis. 
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43 
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All dead of polyneuritis in 19 days 
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R241A + 10% mold 
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63 

79 

116 
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R241A + 15% mold 

35 

69 

95 

140 
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5 
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33 

55 

69 

90 
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5 

7 
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35 

61 

89 
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7 

8 
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35 

67 

94 
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306 

5 

9 

R2401I + 5% mold 

35 

63 

97 
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417 

6 

10 

R240H + 20% mold 

34 

60 

305 
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6 
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R441A (low B,) 

35 

56 

90 
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! 351 

5 
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R441A + 15% mold 

34 

53 

79 

119 
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383 

C 

13 

R441A + 30% mold 

34 

55 

91 

140 

220 

312 
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6 


1 AH the chicks in the group showed severe symptoms of pellagra and were 
therefore discarded. 


behave as chicks on ration 441A usually do, and only two of 
the chicks developed paralysis. This may be attributed to 
the fact that an error was made in preparing one of the 
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batches of ration. During the third week of the experiment 
the basal ration was made up with 10 per cent liver that had 
been autoclaved only half the usual time. 

When the basal ration was supplemented by 15 per cent 
mold, the growth was slightly improved, but one of the chicks 
developed a well-defined case of paralysis. In view of the 
unusually good performance of the negative control group, 
the appearance of paralysis on the 15 per cent mold ration 
probably means that this level is quite inadequate as a source 
of vitamin B 4 . 

The group getting ration 441A supplemented with 30 per 
cent mold made a rather slow start, but grew very rapidly 
during the final weeks of the experiment. None of the chicks 
in this group showed any signs of paralysis at any time during 
the 6 weeks period. As shown in table 1, this group attained 
an average weight of 419 gm. in 6 weeks. It seems quite safe 
to assume that 30 per cent of mold in the ration gives adequate 
protection against vitamin B 4 deficiency. 

SUMMAET 

The addition of 10 per cent of the mycelium of A. sydowi 
to a ration low in vitamin B (complex) furnished enough of 
the vitamin to support good growth in rats. Better growth 
and performance was secured on 20 per cent of the mold. 

The mold contained enough vitamin B(B,) to protect chicks 
against polyneuritis when it was fed at a 10 per cent level. 

Symptoms of pellagra were prevented in chicks on a ration 
low in vitamin G by the addition of 1 per cent of mold. To 
secure good growth of chicks it was necessary to add 3 per 
cent of mold. 

Mold added at a level of 30 per cent to a ration deficient in 
vitamin B* completely prevented the onset of paralysis. 
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It has long been known that some of the filamentous fungi, 
especially the members of the genera, Aspergillus and Penicil- 
lium, are able to synthesize their cell proteins using inorganic 
salts as the sole source of nitrogen. This ability of convert¬ 
ing inorganic nitrogen into protein nitrogen has led to specu¬ 
lations on the possibility of using mold proteins for food. 

In Germany attempts were made to produce cattle fodder of 
increased protein content from straw by the use of a species 
of Aspergillus (Pringsheim and Lichtenstein, ’20). In Japan 
the availability of mold proteins to albino rats was studied 
with the species which is used extensively in Japan in the 
manufacture of Koji-sauce, Aspergillus oryzae (Takata, ’29). 
The protein of this mold was shown to be incomplete, ahd 
the addition of cystine did not correct the deficiency. Skinner 
(’34) recently reported that the proteins synthesized by 
Penicillium from an inorganic-glucose medium contained at 
least traces of the essential amino acids, but not in sufficient 
amounts to permit much growth in rats at a protein level of 
9 per cent. At an 18 per cent level growth was improved, 
but still was not normal. When the ration containing 9 per 

* This work was supported in part by a grant from the Wisconsin Alumni 
Bosearch Foundation. 
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cent of mold protein was supplemented with 0.25 per cent 
cystine, growth was improved, but no figures were given as 
to the extent of the improvement. 

In all problems in which the composition of molds is a 
factor, it is necessary to keep in mind the extreme variations 
with species and the variability in each species when grown on 
different media and under different conditions. Thus, in a 
survey of the composition of various molds carried out in this 
laboratory (Pruess, Eichinger and Peterson, ’34), it was found 
that under identical conditions the crude protein (N X 6.25) 
content of a number of molds varied from 13.7 per cent to 43.7 
per cent. Also, when grown on a glucose-inorganic salts 
medium, P. chrysogenum contained 43.7 per cent crude pro¬ 
tein, while on a glucose-malt sprouts medium it contained only 
15 per cent. A. oryzae which contained 33.7 per cent crude 
protein when grown on glucose-inorganic salts, increased this 
figure on glucose-malt sprouts to 36.3 per cent, although the 
average protein content of twenty-four molds was 30 per cent 
lower on the malt-sprouts medium than on the inorganic salts 
medium. The amount of lipid, sterol and carbohydrate in 
these molds also showed great variations. 

There is, moreover, considerable evidence that even pure 
strains of molds will change their metabolism with long-con¬ 
tinued propagation on stock agar media. A classical example 
of this phenomenon was the discovery by Wehmer (cited in 
Bernhauer, ’32) that an Aspergillus which originally had pro¬ 
duced fumaric acid subsequently degenerated, and completely 
lost the ability to form this acid. 

In the light of the above considerations, there need be no 
contradiction between the findings of Takata (’29) and Skin¬ 
ner (’34), one of whom found that cystine did not remedy the 
deficiency of mold protein, while the other reported that 
cystine was the primary limiting amino-acid. The mere fact 
that the two investigators used different species of mold might 
well explain the discrepancy. 

In the course of experiments previously carried out in this 
laboratory (Skinner, Peterson and Steenbock, ’33), it was 
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found that the proteins of four different molds were incapable 
of promoting growth of rats when fed at the 18 per cent level. 
When mold replaced part of the starch in a complete ration, 
the growth rate was reduced, but when mold was added to a 
ration containing only 4 per cent casein, growth was im¬ 
proved. The addition of small quantities of casein or yeast 
to rations containing 18 per cent mold protein greatly 
improved growth. 

In making further studies of mold protein for the purpose 
of ascertaining the nature of the deficiencies, it was decided 
to concentrate attention on a single mold. The mold chosen 
was Aspergillus sydowi, a species which grows vigorously on 
a liquid synthetic medium. 

EXPERIMENTAL 

Preparation of mold mycelium. The mycelium used in these 
experiments was from the same strain of Aspergillus sydowi 
as that used in previous work in this laboratory (Skinner, 
Peterson and Steenbock, ’33). It was grown on a glucose- 
inorganic salts medium of the following composition: 10 gm. 
NH 4 N0 3 , 6.8 gm. KH 2 P0 4 , 5 gm. MgS0 4 .7H 2 0, 0.16 gm. 
FeCl 3 .6H 2 0, 0.05 gm. ZnS0 4 .7H 2 0, and 100 gm. glucose made 
up to 1 liter with tap water. This medium was acidified with 
1 cc. of 85 per cent H 3 P0 4 per liter, placed in pans (10 liters 
per pan) in sterilizer-incubators (Peterson, Pruess, Gorcica 
and Greene, ’33), and steamed at 100° for 8 hours. After the 
steam was turned off, a stream of sterile air was forced into 
each fermenter. 

When the fermenters had cooled to room temperature, they 
were inoculated through the side openings with 100 cc. of a 
spore suspension of A. sydowi for each pan of medium. The 
temperature of the room was maintained at 30° for the in¬ 
cubation period, 10 days. 

At the time of harvest the mold pads were rinsed once with 
cold water, pressed out by hand, and then stored in cans in 
a refrigerator at 5°F. Later, they were removed from the 
cans with a steel chopper, ground immediately to a fine paste 
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and mixed with the other ingredients of the ration as needed. 
The rations were kept in tightly-covered containers in an 
electric refrigerator, from which they were removed only at 
feeding time. 

Composition of rations. The basal ration had the follow¬ 
ing composition: 50 parts mold (dry basis), 44 parts cooked 
cornstarch, 4 parts mineral salts mixture no. 40 (Steenbock 
and Nelson, ’23), and 2 parts cod liver oil. Mold was the only 
source of nitrogen in this ration. When protein supplements 
were added to the basal ration, a corresponding amount of 
starch was taken out. From previous experiments it was 
known that 20 per cent mold in the ration supplied ample 
amounts of the vitamin B complex. 

Control of consumption. The animals used were young 
vigorous male rats of 50 to 60 gm. weight. Six rats were 
started in each group. Each animal was placed in an indi¬ 
vidual cage with a screen bottom. Each morning the un¬ 
consumed ration was weighed and discarded and a fresh 
portion w T as weighed out. 

The intake of all the animals which were given a 5 per cent 
protein supplement was held for the first 4 weeks to that of 
the control group, for the remaining 6 weeks to that of the 
group getting 5 per cent skim-milk protein. The control 
group had the lowest intake throughout the experiment, but 
the rapid decrease in consumption by this group in the fifth 
and sixth weeks, together with the death of animals in the 
group, made it inadvisable to hold down the intake of the 
other groups to this level. Accordingly, for the last 6 weeks 
the intake of the others was controlled by that of the next 
limiting group, which was the group getting 5 per cent skim- 
milk protein. 

Within the limiting groups the intake of the animals was 
held, in general, to that of the rat that ate the least. When 
the intake of one animal in the group fell below that of the 
preceding week, the other animals were not restricted to this 
level, but were held to that of the preceding week. The con¬ 
sumption of ration per animal per week by those getting 5 
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per cent protein supplements was as follows: 37, 32, 48, 44, 
48,56,60,64,68,70 gm., total, 527 gm. 

When the groups getting 2J per cent protein supplements 
were started, it was planned to limit the intake of each animal 
to 527 gm. over a 10-week period while keeping the weekly 
intakes of all animals equal. This plan was abandoned at the 
end of the seventh week when the intakes of all the animals 
began to decline, and during the last 3 weeks consumption was 
equalized only within groups. The weekly intake per animal 
was as follows: 40, 40, 42, 47, 50, 51, 56, 59, 65, 70 gm., total 
520 gm. In cases where the intake varied from that given 
above, it will be referred to in the discussion. 

Growth on protein supplements. For control purposes one 
group was given the basal ration unsupplemented, so that the 
mold in the ration was the sole source of nitrogen. The aver¬ 
age growth curve of the group is shown in figure 1. All of 
the animals on the control ration died in from 4 to 7 weeks, 
but they all gained in weight before death—the average gain 
in weight of the group at time of death was 16 gm. Since 
the mold in the ration was known to supply ample quantities 
of the vitamin B complex (preceding paper), it is evident 
that the proteins of A. sydowi did not support life when the 
mold was fed at a level of 50 per cent, equivalent to 18 per cent 
of crude protein (N X 6.25). 

The materials used as protein supplements were casein, 
dried skim-milk powder, whole wheat, corn gluten feed, whole 
corn, dry powdered egg white, soy bean meal, gelatin and 
yeast. 

Casein was given as a protein supplement to three groups 
of rats at 10, 5 and 24 per cent levels (fig. 1). Although the 
rats were limited to the same food intake as the control group, 
the average gain in weight of the first group was 131 gm., of 
the second group 101 gm., and of the third group 64 gm. The 
addition of as little as 24 per cent casein markedly improved 
the ration. The intake, average gain in weight, and the gain 
in weight per gram of protein consumed are given in table 1. 
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Since cystine is the limiting amino-acid in casein (Osborne 
and Mendel, 15), it appears improbable that the additional 
cystine supplied by the casein at a 2J per cent level prevented 
the early death of the animals and supported the greatly in¬ 
creased growth noted. It seems more likely that the factor 
responsible for this pronounced effect at such a low level 
must be some rather abundant constituent of the casein. 




Pig. 1 Average growth curves of rats on mold as the sole source of protein and 
with supplements of casein and skim milk protein at various levels. The figures 
in parentheses indicate tho number of individuals represented by the curve. The 
crosses beneath the curve representing the control group indicate tho death of 
animals in the group. 


Dry skim-milk powder was fed at levels such that the rations 
contained 5 and 2i per cent skim-milk protein. The average 
gain in weight (fig. 1) was almost identical with that on the 
corresponding levels of casein. This fact provides further 
evidence that the mold is probably not deficient in cystine, 
since if cystine were the factor supplied by the supplements, 










Growth of rats on mold mycelium supplemented by certain proteins 
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total protein consumed, grams ! 0.62 | 0.81 I 0.87 ! 0.69 | 0.80 j 1.04 I 0.81 ! 0.94 I 0.95 | 0.64 ] 0.69 

‘Number of original animals (six). 
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the proteins of skim milk, due to their content of lactalbumin, 
should be considerably more effective than casein in promot¬ 
ing growth when added to mold. 

The proteins of whole wheat were fed as a supplement at 
levels of 5, 2| and $ per cent. The average gains on the 5 per 
cent level were 118 gm. and on the 2£ per cent level 100 gm. 




Fig. 2 Average growth curves of rats on mold supplemented by wheat and 
corn proteins at various levels. The figures in parentheses indicate the number 
of individuals represented by the curve. 


(fig. 2). The animals getting $ per cent wheat protein grew 
very slowly. At the end of 8 weeks the four survivors had 
gained on the average 23 gm. At this time two of the animals 
were given supplements of amino-acids. These animals will 
be discussed later. 

Corn protein in the form of corn gluten feed (from Pennick 
& Ford, Cedar Rapids, Iowa) was fed at levels of 5 and 2\ 
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per cent. Both groups grew well; the group on the lower 
level made an average gain of 111 gm., which is the best 
record made by any of the groups getting a 2i per cent protein 
supplement. As shown in table 1, this group gained 1.04 gm. 
per gram of crude protein consumed. Inasmuch as the mold 
nitrogen is not more than two-thirds protein nitrogen (Gor- 
cica, Peterson and Steenbock, ’34), the protein of the ration 
was quite efficiently utilized. 

One group was fed the proteins of whole corn at a level of 
i per cent, and in 8 weeks the three survivors had gained an 
average of 29 gm. The growth curves of this group are 
shown in figure 4. 

Since Mitchell and Smuts have shown (’32) that the pro¬ 
teins of corn are deficient in lysine and tryptophane, and 
since the addition of only 21 per cent of corn protein to the 
mold ration promotes good growth, the mold proteins are 
apparently not markedly deficient in either lysine or trypto¬ 
phane. 

Dried powdered egg white (Mallinckrodt’s “Egg Albumin- 
Soluble-Impalpable powder”) was fed at levels of 5 and 21 
per cent. The average total intake of the group getting 5 per 
cent egg white was only 4G3 gm., while the average gain of 
the group was only 73 gm. This was the smallest gain of any 
group getting a 5 per cent supplement of protein (except 
those getting gelatin), but it was undoubtedly due to the low 
intake. At the 2A per cent level the intake was 501 gm. and 
the average gain 6(1 gm. 

The growth on the ration supplemented with egg white was 
so much poorer than had been expected that it was decided 
to determine whether the egg white used was a raw or de¬ 
natured preparation. The following ration was used: cooked 
cornstarch, 70; egg white, 18; mineral salts mixture no. 40, 4; 
agar, 2; cod liver oil, 2. Three rats were fed this ration made 
up with the same egg white as before, while three others were 
given this egg white after it had been cooked in an autoclave 
at 15 pounds pressure for 20 minutes. The growth curves of 
these animals are given in figure 3. 
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The animals getting raw egg white each consumed 400 gm. 
of ration in 10 weeks. Their average gain during that time 
was 23 gm. The animals began to lose hair after having been 
on the ration 5 weeks, and at the end of 10 weeks they had 
lost the hair over almost the entire body. Some of these 
symptoms were the same as those described by Parsons and 
Kelly (’33) in their paper on the toxicity of egg white to rats. 
The group getting autoclaved egg white made an average gain 



EGG ALBUMIN 



Fig. 3 Average growth of rata on mold supplemented with various proteins. 
Also the growth of rats on heated and unheated egg white as sole source of protein. 
Crosses indicate death of animals in the group. 


of 140 gm. in 10 weeks on an intake of 633 gm. These animals 
lost no hair and were in excellent health throughout the ex¬ 
periment. On the evidence of this experiment, it seems very 
likely that the preparation used was raw egg white, which fact 
explains the poor results obtained with it as a supplement to 
the mold. 

The supplemental value of soybean protein was also deter¬ 
mined. One group was given soybean meal protein at a 5 per 
cent level. The meal was a preparation that had been heated 
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at 140° for 1 hour, and was known to be palatable to rats. 
The group made an average gain of 48 gm. in 10 weeks on 
an intake of 459 gm. (fig. 3). The intake of the group was 
declining rapidly during the last 2 weeks of the experiment. 

Gelatin proved to be a very poor supplement. It was fed at 
two levels. When added at a 5 per cent level, the animals 
died in from 4 to 6 weeks, after making some growth which 
totalled 21 gm. at the time of death. When the ration con¬ 
tained 21 per cent gelatin, five animals died in 3 to 6 weeks, 
while one lived for 9 weeks. The average gain in weight at 
the time of death was 27 gm. The growth curves of these two 
groups are shown in figure 3. 

One group of rats was fed a supplement of yeast at a 5 per 
cent level, equivalent to 21 per cent protein. The average gain 
of the group was 68 gm. on an intake of 537 gm. The average 
growth curve of this group is shown in figure 3. Yeast protein 
appears to have about the same supplemental value as casein 
or skim-milk powder. 

Growth on amino-acid supplements. From the data given 
above it appeared that the mold protein was not deficient in 
lysine or tryptophane, nor markedly deficient in cystine, but 
suggested the possibility of a histidine deficiency. It was 
decided to try the addition of various amino-acids. 

A group of rats was available that had been on a ration 
containing 18 per cent mold protein plus 1 per cent whole 
wheat protein or 1 per cent whole corn protein for 8 weeks. 
Of the surviving animals which had received the wheat sup¬ 
plements, two were continued on this ration as controls, and 
the other two were placed on a ration in which the wheat had 
been replaced by 1 per cent cystine plus 1 per cent tyrosine. 
The food intakes of the four rats were kept equal. The ex¬ 
periment was continued for 4 weeks. Of three rats which had 
received corn protein, one was continued as a control, while 
the other two were given 1 per cent cystine and 1 per cent 
tyrosine instead of the corn. The addition of cystine and 
tyrosine failed to improve growth (fig. 4). 
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A group of six rats, 85 to 103 gm. in weight, was started 
on a ration containing 18 per cent mold protein. After a rapid 
initial loss in weight, the animals began to grow very slowly, 
but at the end of 8 weeks their average weight was only 7 gm. 
more than when they were put on the experiment. Two of 
these animals were given a supplement of } per cent cystine, 
two others were given 1 per cent tyrosine, and two were given 
$ per cent cystine plus 1 per cent tyrosine. In no case did the 



Fig. 4 Comparison of wheat and com protein with cystine and tyrosine as 
supplements to mold protein. Arrows indicate point at which 0.5 per cent corn 
or wheat proteins were replaced by 0.5 per cent cystine plus 1 per cent tyrosine. 


addition of these amino-acids cause any decided improvement 
in growth. It therefore seems quite definitely established that 
the addition of cystine and tyrosine to our mold did not im¬ 
prove its growth-promoting power. 

To test the effect of supplementing mold protein with histi¬ 
dine, a group of seven rats was started of which three as con¬ 
trols received 18 per cent mold protein, while the others were 
given in addition i per cent histidine. As shown in figure 5, 
three of the rats getting histidine grew more rapidly than 
the three control rats, but died in 6 weeks or less, while no. 153, 
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which grew at about the same rate as the control animals, 
lived the longest. At the end of 7 weeks, it was obvious that 
the addition of histidine to the mold ration would not support 
continued growth and the group was therefore discarded. 

It is evident, that other combinations of amino-acids or 
supplements must be tried before the deficiencies of the mold 
mycelium can be determined. 



Fig. 5 Supplementary value of histidine to mold protein. 

SUMMARY 

The nutritive value of the proteins of Aspergillus sydowi, 
when produced on a synthetic medium (inorganic salts- 
glucose), was determined. The mold mycelium was fed as the 
sole source of protein or supplemented with various amounts 
of other proteins or with certain amino-acids. 

The proteins of A. sydowi were found insufficient to pro¬ 
mote more than a slight amount of growth or to sustain life 
in young rats for a period longer than 7 to 9 weeks. 

The most effective supplements were found to be the pro¬ 
teins of whole wheat and corn gluten feed. When these were 
added to the basal ration at either a 2i or a 5 per cent level, 
the resulting ration supported very good growth. 
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Supplementing the mold protein with casein, skim-milk 
protein, egg white and yeast protein at levels of 2$ and 5 per 
cent resulted in good growth, but growth was better at the 
higher level. 

Supplementation with gelatin at 2\ or 5 per cent levels did 
not improve the growth-promoting power of the mold protein. 

The addition of \ per cent cystine, 1 per cent histidine, 1 
per cent tyrosine, or i per cent cystine plus 1 per cent tyrosine, 
to a ration containing 18 per cent mold protein did not result 
in any improvement in growth. 

LITERATURE CITED 

Bernhatter, K. 1932 Die oxydativen Giirungen, S. 63. J. Springer, Berlin. 
Gorcioa, H. J., W. H. Peterson and H. Steenbock 1934 The chemistry of 
mould tissue. Y. Fractionation of the nitrogen in the mycelium of 
Aspergillus fischeri. Biochem. J., vol. 28, p. 504. 

Mitchell, H. H., and D. B. Smuts 1932 The amino acid deficiencies of beef, 
wheat, corn, oats, and soybeans for growth in the white rat. J. Biol. 
Chem., vol. 95, p. 263. 

Osborne, T. B., and L. B. Mendel 1915 The comparative nutritive value of 
certain proteins in growth, and the problem of the protein minimum. 
J. Biol. Chem., vol. 20, p. 351. 

Parsons, II. T., and E. Kelly 1933 The effect of heating egg white on 
certain characteristic pellagra-like manifestations produced in rats 
by its dietary use. Am. J. Physiol., vol. 104, p. 150. 

Peterson, W. II., L. M. Pruess, II. J. Gorcioa and H. C. Greene 1933 Large- 
scale laboratory cultivation of molds. Ind. Eng. Chem., vol. 25, p. 213. 
Pringsheim, II., and 8. Lichtenstein 1920 Versuche zur Anreicherung von 
Kraftstroh mit Pilzeiweiss. Cellulosechemie, Bd. 1, 8. 29. 

Pruess, L. M., E. C. Eiohinger and W, H. Peterson 1934 The chemistry of 
mold tissue. III. Composition of certain molds with special reference 
to the lipid content. Zentr. Bakt. Parasitenk., II Abt., Bd. 89, S. 370. 
Skinner, C. E. 3934 The synthesis of aromatic amino acids from inorganic 
nitrogen by molds and the value of mold proteins in diets. J. Bact., 
vol. 28, p. 95. 

Skinner, J. T., W. H. Peterson and II. Steenbock 1933 Nalirwert von 
Schimmelpilzmycel. Biochem. Z., Bd. 267, S. 169. 

Steenbock, H., and E. M. Nelson 1923 Fat-soluble vitamine. XIII. Light 
in its relation to ophthalmia and growth. J. Biol. Chem., vol. 56, p. 355. 
Takata, R. 1929 An undertaking on the utilization of microorganisms for 
human food materials. II. The nutritive value of the protein in the 
mycelium of Aspergillus oryzae. J. Soc. Chem. Ind. Japan, vol. 32, 
p. 155B. 



THE NUTRITIVE VALUE OF LACTOSE IN MAN 


ALFRED E. KOEHLER, IONE RAPP AND ELSIE HILL 
Santa Barbara Cottage Hospital and The Sansvm Clinic, Santa Barbara, 

California 

ONE FIGURE 

(Received for publication November 20, 1934) 


Information on the nutritive value of lactose in man is very 
meager and only indirect evidence is available. Berglund and 
Folin (’22) showed in one case that after giving 100 gm. of 
lactose orally to a subject there was only a slight or insignifi¬ 
cant rise in the blood sugar. This inability of lactose to pro¬ 
duce a hyperglycemia could be explained either by a failure 
of, or delay in, its absorption from the alimentary tract or by 
its rapid combustion or storage. Higgins (’16) studied the 
effects of the ingestion of lactose on the respiratory quotient 
and oxygen consumption and found the respiratory quotient 
well above 1.00; in fact, even considerably higher than after 
the administration of an equivalent amount of glucose. Bene¬ 
dict and Carpenter (’18) also obtained in man a specific 
dynamic effect following lactose administration equal to or 
greater than that of glucose. More recently, McCullagh and 
McCullagh (’32) showed that lactose had an effect similar 
to glucose in lowering inorganic blood phosphorus and in de¬ 
creasing its excretion in the urine. The exact significance of 
the inorganic blood phosphate changes after sugar ingestion 
is unknown, but the lowering of the phosphate curve has usu¬ 
ally been looked upon as evidence of sugar utilization. The 
above investigators found, however, that galactose does not 
alter the blood inorganic phosphate or its urinary excretion, 
although it can be utilized by the body at least to a consider- 
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able extent. From the standpoint of absorption of lactose 
from the alimentary tract the early observations of Bourgue- 
lot and Troisier (1889) are interesting. They fed lactose to a 
diabetic subject and recovered in the urine two molecules of 
glucose for each of lactose ingested and no galactose was 
detected. 

It can readily be seen that the information on lactose utili¬ 
zation from the nutrient standpoint in man is altogether in¬ 
adequate. The data available is based on indirect evidence, 
the physiological significance of which is still uncertain. 

PLAN OF STUDY AND METHODS 

The glycemic response after lactose ingestion was studied 
in normal, obese, and diabetic subjects. The value of this was 
emphasized after a few subjects were studied, inasmuch as 
there was not only considerable variation in apparently 
normal cases, but a greater variation was noted when diabetic 
and obese subjects were compared with the normal group. 
Lactose was given to subjects (1.5 gm. per kilogram) in the 
morning in a fasting state. Venous blood and urine samples 
were collected hourly for 4 hours. Except in a few cases, 
the subjects were at rest, either lying or sitting during the 
period of study. If the urine specimen gave a positive reduc¬ 
tion test, the fermentability of the sugar -was determined. 
The Hartman-Shaffer method for blood sugar was used. 

In a group of normal cases the blood inorganic phosphate 
changes after lactose ingestion were also studied. This work 
was started before the observations of McCullagh and 
McCullagh (’32) came to our attention and then it was de¬ 
cided to extend their observations on a few cases to a larger 
series. 

RESULTS 

Glycemic effect. As a basis for comparison, particularly 
from the standpoint of individual variation and average 
values, the blood sugar and urinary excretion after glucose in¬ 
gestion was studied in twenty-six apparently normal cases. 
The average glycemic response is shown in figure 1. Con- 
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siderable variation was noted, but the average values form a 
reliable basis for comparison. The comparable results after 
lactose ingestion in eighteen normal young adults are shown 
also. Although 80 to 120 gm. of lactose were given in a single 
dose, only in one case was there flatulency and diarrhea. The 



individual variations in the blood sugar values were again 
quite large, comparable to those obtained with glucose. In 
general, lactose ingestion resulted in no appreciable increase 
in blood sugar and the average values show quite clearly the 
lack of any hyperglycemic effect. The average values for the 
first, second, third and fourth hours after lactose are sur- 
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prisingly constant. The secondary hypoglycemic effect usu¬ 
ally found at the time of the third hour after glucose inges¬ 
tion, was much less, practically insignificant, after lactose. 
Glycosuria was much more frequent after lactose than after 
glucose administration, but the excreted sugar was non- 
fermentable in all cases studied and apparently was lactose 
that was assimilated as such from the intestinal tract, al¬ 
though the possibility of this having been galactose was not 
eliminated. 

The average glycemic response in six normal adults after 
the ingestion of a comparable amount of starch is shown to 
compare the rate of sugar absorption after the hydrolysis of 
a polysaccharide. At the end of the first hour the blood sugar 
rise after starch was only a little less than that after glucose 
ingestion, but the hyperglycemia was more prolonged for 
starch and the secondary hypoglycemia was absent as in the 
case of lactose. Our results are consistent with those of Kjer 
(’24), who found that starch caused quite as great a hyper¬ 
glycemia as did an equivalent amount of glucose. 

The results of lactose tolerance tests in a group of obese 
subjects are also shown. The hourly averages after lactose 
ingestion in sixteen overweight cases showed a definite rise 
for the first and second hours. This rise was, however, not 
universal for all obese cases, for in some there was even a 
lowering of the blood sugar after lactose administration. In 
some obese cases the rise in blood sugar was of the magnitude 
found in mild diabetics after glucose ingestion. The effect 
of fasting and mechanical stimulation of peristalsis was 
studied in two subjects after the ingestion of 1.5 gm. powdered 
cellulose per kilogram body weight. In neither case was there 
any appreciable change in blood sugar. The rise of the blood 
sugar in the majority of obese cases indicated that in all 
probability there is at least partial assimilation of ingested 
lactose. 

The effect of lactose ingestion in eight cases of moderately 
severe diabetes mellitus is also shown in figure 1. The marked 
increase in the blood sugar in the first, second, third and even 
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fourth hours after lactose administration is apparent. In all 
these cases the blood sugar increase over the fasting speci¬ 
mens was accounted for as fermentable sugar. In these sub¬ 
jects the equivalent amount of glucose was also administered 
and no very marked differences were obtained between the 
blood sugar curves after lactose or glucose. The peaks for 
the lactose and glucose curves were at approximately the 
same time indicating that there was no gross delay due to 
splitting of the lactose. In one case a control glycemia curve 
was obtained after the equivalent amount of powdered cellu¬ 
lose ingestion and little variation in the 4 hours after fasting 
was noted. It was of particular interest to note that, in spite 
of considerable excretion of ‘extra sugar’ in the urine, as 
much as 13.38 gm. for the third hour in one case, the urinary 
sugar in every instance was all fermentable. In other words, 
lactose or galactose was not excreted in the diabetic as it 
usually was in the normal individual after lactose ingestion. 
Bourquelot, and Troisier had already pointed this out in one 
case in 1889, although their analytical methods were unrefined 
as compared with those of the present day. They fed lactose 
to a diabetic patient and recovered two molecules of glucose 
in the urine for each one of lactose fed. It would seem from 
these experiments that the diabetic not only assimilates lac¬ 
tose, but that he also completely converts, at least the ex¬ 
creted sugar, to glucose. This latter phenomenon is, to our 
knowledge, the only specific example of the ability of the 
diabetic to convert a substance to glucose which normally may 
be excreted in another form (lactose or galactose). This ob¬ 
servation is of interest from the standpoint of the over¬ 
production hypothesis as a causative factor in diabetes. 

The recovery in the urine of lactose administered intra¬ 
venously. The failure of the diabetic to excrete lactose raised 
the question of his ability to convert intravenously injected 
lactose. The lactosuria in the normal after lactose ingestion 
is undoubtedly due to the absorption of lactose as such from 
the bowel. There is no reason to believe that such an absorp¬ 
tion should not also take place in the diabetic and its failure 
of being excreted points to its conversion or destruction. 
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Table 1 gives the amount of lactose recovered in the urine 
as non-fermentable sugar after a known amount of lactose was 
slowly injected as a 10 per cent solution. In five normal cases 
the average per cent recovered was 93.2, while in three obese 
cases 89.7 per cent was recovered. The small decrease in the 
recovery in the obese group is probably insignificant because 
of the greater dilution of the same amount of lactose in the 


TABLE 1 

The recovery in the urine of lactose administered intravenously 


CASE 

AMOUNT GIVEN 

AMOUNT RECOVERED 

PER CENT RECOVERED 

Normal 


gm . 

gm. 


A. E. K. 

15.5 

14.1 

91 

G.B. 

14.2 

14.0 

98.5 

G.W. 

14.2 

12.3 

86.5 

D. Me. 

14.0 

13.8 

98.7 

B. W. 

13.1 

12.0 

91.5 

Average 

14.2 

13.2 

93L2 


Obese 


A. W. 

14.0 

12.3 

87.9 

E. B. 

15.0 

14.0 

93.4 

E. W. 

14.6 

13.0 

88.0 

Average 

14.4 

13.1 

~ 89.7 ~ 


Diabetic 


M. F. 

14.6 

13.0 

88.0 (with insulin) 

M. F. 

15.5 

13.7 

88.5 (without insulin) 

G.W. 

13.1 

12.0 

91.5 

Average 

14.3 

12.9 

89.3 


blood and tissue fluids in these subjects as compared with 
normal individuals. In two diabetic subjects studied the re¬ 
covery of excreted lactose was approximately the same as in 
the normal or obese groups. The injection of 30 units of in¬ 
sulin 45 minutes before the lactose injection in the case of 
M.F. had no effect on the lactose recovery. Apparently the 
diabetic subject has no greater power to destroy intravenously 
administered lactose than the normal individual. Conse¬ 
quently other factors must play a role in the absence of 
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lactosuria in the diabetic after lactose ingestion and a dif¬ 
ference in the process of alimentation may be suspected. 

The possibility of liver lactase in the human as has been 
found by Cajori (’34) in the liver of the dog must be kept in 
mind. This may account for 10 per cent of the lactose that 
was destroyed after intravenous administration. 

The effect of lactose on the inorganic phosphate content of 
the blood. The effect of glucose administration on the in¬ 
organic phosphate content of the blood is well known. Our 
results shown in table 2 substantiate the findings of McCullagh 


TABLE 2 

The effect of t.5 gm. lactose per kilogram orally on the inorganic phosphate content 
of whole blood, (Expressed (is milligrams per too cc. of blood) 


CASES 

FASTING 

FIRST no UR 

1 

SECOND HOUR 

THIRD HOUR 

FOURTH HOUR 

E. H. 

4.1 j 

3.3 

2.9 

2.9 

3.1 

F, H. 

3.3 

3.3 

3.2 

3.3 

3.3 

C. H. 

2.9 

2.9 

2.6 

2.9 

3.3 

M. Me. 

2.6 

2.5 

2.5 

2.8 

3.0 

K. 0. 

2.9 

3.0 

2.9 

3.0 

3.0 

M.H. 

3.7 

3.6 

3.7 

3.6 

3.6 

I.C. 

3.6 

2.9 

3.0 

3.1 

3.3 

E. P. 

3.0_ 

o o 

2.4 

2.4 

2.7 

Average 
(8 cases) ! 

3.3 

3.0 

2.9 

3.0 

3.2 


and McCullagh (’32) that lactose lowers the blood inorganic 
phosphate, although in our series of eight normal subjects 
the average decrease was only 0.4 mg. per 100 cc. of blood. 
This small change must not necessarily be interpreted as 
indicating lactose utilization. 

DISCUSSION 

The average blood sugar values in normal individuals after 
lactose ingestion showed quite clearly the absence of any 
hyperglycemic effect. Such a failure to elevate the blood 
sugar might well be due to increased rate of utilization and 
storage or to delayed absorption and consequently offers no 
proof as to whether or not lactose is absorbed from the ali- 
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mentary tract. If the failure of hyperglycemia is due to de¬ 
layed absorption from slow hydrolysis, then the rate of split¬ 
ting of lactose must be very much slower than that of starch, 
for the latter causes a rise in blood sugar as quickly and 
nearly as great as obtained after glucose ingestion. Such 
slow splitting of lactose together with the rapid rate that it 
may pass through the small intestine (Hosoi, Alvarez, and 
Mann, ’28) may result in a portion or even a greater part of 
ingested lactose reaching the colon for bacterial utilization. 
That this probably is the case in the adult rat was shown by 
Koehler and Allen (’34) in experiments showing that lactose 
had a nutritive value inferior to that of glucose or sucrose on 
isocaloric diets. 

In the diabetic, and to a lesser extent in the obese indi¬ 
vidual, however, there can be no doubt as to the marked ab¬ 
sorption of lactose. At first it seemed possible that through 
some unknown mechanism lactose might give rise to a hyper¬ 
glycemia due to mechanical stimulation of the intestines. This 
possibility was ruled out, however, by the feeding of powdered 
cellulose. It is difficult to conceive that the enzyme lactase 
would be present in the diabetic and not in the normal indi¬ 
vidual. The complete absence of lactosuria or galactosuria in 
the diabetic after lactose ingestion as compared with its usual 
presence in the normal individual suggests a difference in the 
alimentary assimilation, particularly since the diabetic handles 
intravenously injected lactose much the same as the normal 
individual. 

In considering the possibility of the failure of lactose ab¬ 
sorption, it should be remembered that besides the question 
of the hydrolysis of this disaccharide, the effect of the in¬ 
testinal rate on the absorption of foodstuffs should bo con¬ 
sidered. Hosoi, Alvarez and Mann (’28) have shown that 
lactose passes through the small intestine with great rapidity. 
Such a rapid rate could easily interfere with hydrolysis and 
absorption even though lactase were present. Not only could 
the increased intestinal rate caused by lactose delay its absorp¬ 
tion, but it could also interfere with the absorption of other 
foodstuffs. 
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SUMMARY 

1. The average blood sugar values in sixteen normal young 
adults after ingestion of 1.5 gm. lactose per kilogram body 
weight showed no important changes, although considerable 
individual variations were noted. The secondary hypo¬ 
glycemic effects were lacking. There was frequently a lacto- 
suria present. 

2. The ingestion of 1.5 gm. starch per kilogram caused 
nearly as much of a peak rise in the blood sugar as obtained 
after the administration of glucose. The total hyperglycemia 
after starch is greater than after glucose. 

3. The average blood sugar values in sixteen obese indivi¬ 
duals showed a slight but definite elevation after lactose 
ingestion. 

4. The blood sugar changes after lactose ingestion in the 
diabetic were marked and of nearly the same magnitude as 
after glucose ingestion. In the diabetic cases studied, lacto- 
suria was never noted. 

5. The average recovery in the urine of intravenously in¬ 
jected lactose was approximately the same (89.3 to 93.2 per 
cent) in normal, obese and diabetic subjects. 

6. Ingested lactose caused a small fall in the inorganic 
phosphate content of whole blood. 
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It has been demonstrated that an adequate supply of vita¬ 
min A is essential for the maintenance and structural integrity 
of the germinal epithelium of the testis of the rat (Mason, 
’30, ’33; Evans, ’32). On the basis of these observations, it 
seemed of interest to determine whether the amount of A 
actually utilized by the testis was of sufficient magnitude to 
produce a significant delay in the appearance of the deficiency 
symptoms in rats completely castrated before being placed on 
vitamin A-deficient diets, as compared with non-castrate rats. 

In a series of experiments involving seventy-eight rats and 
conducted during the fall and winter of 1929-1930, observa¬ 
tions made incidental to other studies for which the animals 
were being prepared suggested that xerophthalmia was re¬ 
tarded in its appearance in castrated male rats, when com¬ 
pared with their non-castrate brothers (Wolfe and Mason, 
’30). The eye changes appeared in the castrates at about the 
peak of the growth curve; whereas in non-castrate rats these 
changes appeared some time before the growth peak was at¬ 
tained. However, similar observations were subsequently 
noted in a series of ten castrate female rats and ten non¬ 
castrate littermate sisters. Since it did not seem possible that 

‘This investigation was aided by grants from the Commonwealth Fund and 
from the Division of Medical Sciences of the Rockefeller Foundation. 
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the ovary utilized sufficient vitamin A to produce any signifi¬ 
cant difference in the manifestation of the deficiency, it was 
thought that an altered metabolism following castration might 
afford a more logical explanation. 

To test this hypothesis, the respiratory quotient and basal 
metabolic rate were determined on a series of rats including 
controls, castrated controls, A-deficient non-castrates and 

TABLE X 


Respiratory quotient and metabolic rate of A-deficient and control rats 




RESPIRATORY QUOTIENT 

BASAL METABOLIC RATE 

RAT 

TREATMENT 

First de¬ 
termination 

Second de¬ 
termination 

First de¬ 
termination 

Second de¬ 
termination 

Average 

41-15 1 cf 

-A 

.74 


772 


839 

-16 <? 

-A 

.72 


906 


41-17 <? 

-A castrate 

.75 


1095 


989 

-18 <? 

-A castrate 

.73 


883 


41-19 cf 

Control 

.74 


1001 


1038 

“20 <f 

Control 

.74 


1075 


41-21 c? 

Control castrate 

.75 


888 


934 

-22 cf 

Control castrate 

.75 


980 


40-50 cf 

-A castrate 

.76 

.76 

898 

1103 

1001 

-61 ? 

-A castrate 

.77 

.74 

1076 

975 

1026 

-68 2 

-A castrate 

.75 

.75 

831 

930 

881 

-70 ? 

-A castrate 

.73 

.74 

870 

880 

875 


*Kats 41-15 to 41-22 were all litter-mate brothers. 


A-deficient castrates. 2 By careful regulation of the diet, a 
constant and moderately severe degree of xerophthalmia was 
maintained in the A-deficient rats during a period of from 
60 to 100 days prior to the metabolic studies. The data ob¬ 
tained failed to demonstrate any metabolic differences suffi¬ 
ciently significant to explain the delayed appearance of 
xerophthalmia in castrated rats (table 1). 

* Acknowledgment is made to Dr. L. G. Wesson, of the Department of Pharma¬ 
cology* for his kindness and cooperation in making these metabolic studies. The 
method used was essentially that previously described by Wesson ( F 27). 
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In our earlier studies (Wolfe and Mason, ’30) examination 
of the eyes was made bi-weekly, and not always by the same 
individual; which made it difficult to interpret the exact time 
at which xerophthalmia appeared. Furthermore, certain of 
the animals exhibited a mild chronic type of deficiency with 
temporary appearance of early signs of xerophthalmia at in¬ 
tervals, before more advanced stages became apparent. The 
inadequacies in the data warranted repetition of these experi¬ 
ments with more careful observations on the eye changes. 
During the following year, careful daily examination of the 
eyes of a series of sixteen A-deficient male rats, half of which 
were castrated before being placed on the experimental diet, 
gave no significant difference in the time of appearance of the 
eye changes in the two groups. It then seemed advisable to 
restudy the whole problem using female rats, in order to 
apply another criterion of A-depletion, namely, the abnormal 
vaginal cornification first described by Evans and Bishop 
(’22) and now generally accepted as a reliable indicator of 
vitamin A-deficiency. The results of these newer studies are 
outlined below. 

The 302 rats selected for this study (series A and B, table 
2) averaged approximately 40 gm. body weight (minimum 37 
—maximum 46) and varied in age from 19 to 26 days when 
put on experiment. Both albino and pied strains were used, 
with no observable difference in the results secured. Litter- 
groups were equally divided between castrates and non¬ 
castrates, except where odd numbers were present. In the 
latter instance, the odd member was placed in the non-castrate 
group. Castration was performed just prior to the beginning 
of experimental feeding. The diets used were essentially the 
same as those used in earlier studies mentioned above. Their 
composition was as follows: 


Diet <?tf 

Pf >r c«nt 


Casein (purified) 18 

Starch 58 

Lard 20 

Salt mixture 4 


Diet €7 

Percent 

Casein (unextracted) 18 

Starch 58 

Lard 20 

Salt mixture 4 



TABLE 2 

Showing the average time of appearance of continuous vaginal cornification and xerophthalmia in A-deficient castrate and 

non-castrate rats 
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In addition to the above diet, each rat received, by separate 
daily administration, 0.5 to 1 gm. of dried yeast and 0.005 gm. 
of irradiated ergosterol. 

Daily vaginal smears (dried and stained in hematoxylin and 
eosin) were begun on the fourteenth day of experiment, the 
vaginal membrane being ruptured if not already open. The 
eyes were examined daily with the aid of a strong hand lens 
and good illumination. Body weights were recorded on 
alternate days. The rats were maintained throughout the ex¬ 
periment in individual, false bottom, wire cages in an airy 
well-lighted room, under uniform experimental conditions. 
All observations on the vaginal smears and eye-changes were 
made by the same individual. 

From the results of series A (table 2), represented graphi¬ 
cally in figure 1, it is apparent that continuous vaginal cornifi- 
cation not only appeared much earlier, but also showed much 
less variation in time of appearance than did the eye changes. 
Furthermore, the average time of appearance of both symp¬ 
toms of A-deficiency was essentially the same for the castrate 
and non-castrate groups, the small differences being no 
greater than one might expect in determining the midpoint 
of the transition period between normal and abnormal vaginal 
or eye conditions. When careful comparisons were made be¬ 
tween castrates and non-castrates from the same litter group, 
no significant differences in the time of onset of the deficiency 
symptoms were observed. 

Similar results were obtained in the rats of series B, in 
which unextracted casein was used. 3 It is of interest to note 
that, although continuous vaginal cornification appeared at 
approximately the same time in both series, the small traces 
of A in the unextracted casein of series B significantly re- 

«We have repeatedly demonstrated that the casein used in our studies during 
the past 6 years, a finely pulverized product obtained from A. Adler & Sons, 
Philadelphia, contained only small traces of vitamin A. Unless a very rapid and 
severe deficiency was desired in the experimental animals, the difficulty and 
expense of alcoholic extraction has not seemed warranted. In this connection, 
we would like to correct a statement made in a previous report (Mason, *33, p. 172, 
footnote 10), stating that the fat content of the above casein was 0.04 per cent. 
This was intended to refer to the extracted, and not the commercial, product. 
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tarded the appearance of xerophthalmia and, in some in¬ 
stances, either no clear-cut eye symptoms appeared or else 
mild symptoms were observed to alternate, every few days, 
with complete absence of xerophthalmia. In all the rats of 
series A, and in the majority of those of series B, once the 
eye symptoms appeared they became progressively worse and 
reached their maximum severity within 2 weeks or less. 


DAYS ON EXPERIMENT 

10 20 30 40 50 10 20 30 40 



Fig. 1 Showing the average growth curve and the time of appearance of con¬ 
tinuous vaginal comification and of xerophthalmia in the individual A-deficient 
female rats of series A, table 2. 


Only seven non-castrate and six castrate males were used 
(series A). Xerophthalmia appeared at approximately the 
same time in all instances. Since this was in accord with 
previous findings on a group of sixteen male rats, half of 
which were castrated, and confirmed similar observations on 
the female rats of series A and B, additional studies on males 
did not seem necessary. On the basis of the data presented 
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above, it can be concluded that complete castration of the m al e 
or female rat had no demonstrable effect upon the develop¬ 
ment of vitamin A-deficiency. 

The combined data from 126 rats, 114 of which are included 
in series A, B and C (table 2), presented graphically in figure 
2, convincingly demonstrate the superiority of the vaginal 
smear test as a criterion of early vitamin A-deficiency. These 
rats weighed approximately 40 gm. when placed on the ex- 



22.2 DAYS 
_ ”l 


30i 


37 3 DAYS 
-jt£j_fiSLl- 










DAYS ON EXPERIMENT 


Fig. 2 Showing the distribution frequency of the time of appearance of con¬ 
tinuous vaginal cornification and of xerophthalmia in 126 A-deficieiit rats (castrate 
and non-castrate) including 114 of those of series A, B and 0 (table 2). 


perimental diet. The average time required to induce continu¬ 
ous cornification was 22.2 days, with a maximum variation of 
17 days; whereas the average time before xerophthalmia ap¬ 
peared was 37.3 days, with a maximum variation of 32 days. 
In other words, rats placed on a diet relatively low in vitamin 
A after attaining body weights of 40 gm. developed continu¬ 
ous vaginal cornification approximately 2 weeks prior to the 
appearance of definite xerophthalmia. 

In general, the earlier the onset of vaginal cornification and 
of xerophthalmia, the smaller the time interval between the 
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appearance of these two criteria. We have frequently noted 
an almost simultaneous appearance of these criteria before 
the end of the suckling period in young rats whose mothers 
were maintained on low levels of vitamin A-intake. When 
rats from the stock colony, with a moderate storage of vitamin 
A and weighing approximately 40 gm., were placed on the 
experimental diets (series A, B and C, table 2) the average 
of the interval between the appearance of the two symptoms 
varied from 9.1 to 21.3 days. When young rats weighing 
from 50 to 75 gm. were used (series D, table 2) the interval 
became much greater. The rats of this latter series were 
used for other studies before xerophthalmia developed. From 
our experience with other groups, in which the experimental 
conditions were essentially the same, xerophthalmia would 
have appeared between the eightieth and ninetieth days. This 
gives an interval of approximately 45 days between the ap¬ 
pearance of vaginal cornification and of xerophthalmia. 

discussion 

The studies presented in this paper amply confirm previous 
observations of Evans and Bishop (’22), Baumann and Steen- 
bock (’32), Aberle (’33) and others in regard to the sensiti¬ 
vity and reliability of continuous vaginal cornification as a 
criterion of early vitamin A-defieiency. They further indicate 
that castrate rats offer no additional advantage over non¬ 
castrate rats, in ascertaining the onset of the abnormal 
changes. It should be stated, however, that in the present 
studies, involving comparison of castrate and non-castrate 
litter-mate sisters (series A and B, table 2), abnormal cornifi¬ 
cation appeared before the first oestrus in 78 per cent of the 
non-castrate rats and before the approach of the third oestrous 
period in the remainder. There is no evidence that a greater 
degree of oestral activity in the vaginal epithelium prior to 
the onset of A-deficiency changes would have altered the time 
of appearance of the latter, resulting in a greater difference 
between castrates and controls in this respect. 
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On the other hand, the castrate rat has proved much less 
satisfactory than the non-castrate in following the repair of 
the vaginal cornification after vitamin A-therapy, as will be 
discussed more fully in a later report dealing with the histo¬ 
logical details of the vaginal smear after A-deficiency (Mason 
and Ellison, ’35). The slightly superior growth of the cas¬ 
trates in the present series (fig. 1) as well as in the earlier 
studies mentioned above, was first thought to be due to the 
intentional selection of the larger animals of each litter group 
for castration with the idea of thereby offsetting a possible 
early retardation due to the operation. But the latter seemed 
to have no significant effect on the subsequent growth of the 
animals. This may be better explained by the recent observa¬ 
tions of Beebe (’32) that “an increase in weight and in food 
consumption occurs in rats following ovariectomy, even in the 
face of vitamin A-deficient diets. The beneficial effect of 
ovariectomy is especially pronounced when performed early 
in life.” 

CONCLUSION 

1. Complete castration caused no significant difference in 
the time of appearance of continuous vaginal cornification or 
of xerophthalmia in A-deficient rats of either sex. 

2. Continuous vaginal cornification was subject to much less 
individual variation, and could be detected approximately 2 
weeks earlier, than xerophthalmia, in rats placed on the diet 
at body weights of 40 gm. 

3. Castrate rats were not superior to non-castrates for 
determining the beginning of vaginal cornification. 
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Excessive cornification of the vaginal epithelium in the rat 
is a characteristic and early manifestation of vitamin 
A-deficiency. The first observation of this phenomenon by 
Evans and Bishop (’22) has been repeatedly confirmed by 
many investigators. By the majority of these, the continued 
presence of cornified cells in the vaginal smear has been 
regarded as a reliable index of early depletion of vitamin A 
(Macy, Outhouse, Long and Graham, ’27; Hohlweg and Dohrn, 
’30; Baumann and Steenbock, ’32; Aberle, ’33; Mason and 
Ellison, ’34; Mason and Wolfe, ’35). Others have considered 
this phenomenon unsatisfactory for diagnostic purposes 
(Coward, ’29; Coward, Morgan and Dyer, ’30; Thatcher and 
Sure, ’32). This whole problem is more completely reviewed 
in a recent report by Baumann and Steenbock (’32), to which 
the reader is referred. 

Normally, cornified cells appear in the vaginal smear of 
the rat only during about one-third of the total oestrous cycle 
(oestrus and metoestrus). Their constant presence in 
A-deficient rats does not indicate a continuous state of oestrus, 
for ovulation and corpora lutea formation occur at regular 
or irregular intervals, as indicated by successful matings 

‘This investigation was aided by grants from the Commonwealth Pund and 
from the Division of Medical Sciences of the Rockefeller Foundation. 
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with normal males (Evans and Bishop, ’22; Evans, ’28). 
Except for the latter studies, no attempt has been made to 
demonstrate rhythmic oestrous changes in A-deficient animals. 

In an extensive analysis of the effect of vitamin A-deficiency 
on the female reproductive system of the rat, representing 
a continuation of similar studies on the male rat (Mason, ’33), 
we have had occasion to study more than 52,000 vaginal 
smears obtained from more than 500 A-deficient and normal 
rats during the past 4 years. In preliminary studies (Mason 
and Wolfe, ’35), it was demonstrated that abnormal cornifica- 
tion of the vaginal smears usually appears much earlier than 
do the other criteria of vitamin A-deficiency, and affords a 
very sensitive and reliable index of sub-xerophthalmic levels 
of the deficiency disease. 

In the present report, the essential alterations observed in 
the vaginal smears during the progressive development of 
vitamin A-deficiency, and during repair of the latter, are 
described; and an interpretation of the manner in which lack 
of A influences the vaginal epithelium is offered. 

METHOD 

In making routine dry-stained vaginal smears on a large 
number of rats, the following method has proved most satis¬ 
factory. The numbers of the rats to be smeared are marked 
on glass slides, ruled transversely into twelve to fifteen rect¬ 
angular areas, by means of a diamond pencil. The vaginal 
scrapings, obtained by means of a narrow aluminum spatula, 
are smeared as evenly as possible on the space opposite the 
proper number. Between each smearing, the spatula is 
thoroughly cleaned. Care should also be exercised in procur¬ 
ing the smears such that cornified cells from the external 
surface of the vaginal orifice are not included. 

The smears are stained with Ehrlich’s or Delafield’s hema¬ 
toxylin for 1 to several hours, washed gently with water, 
deeply blued with ammonia vapor, washed, faintly counter- 
stained in eosin, washed and dried. It is important to secure 
an intensely blue stain sufficiently contrasted with, but not 
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overshadowed by, the eosin counterstain. Microscopic ex¬ 
amination of the entire smear is necessary, because of the 
variation in the proportion of different cell types in different 
parts of the smear. From this composite picture, the general 
characteristics of the smear can be estimated. 

The diets used were composed of casein, starch, lard or 
Crisco, salt mixture, dried brewer’s yeast, and irradiated 
ergosterol, and were of essentially the same composition as 
those used in earlier studies (Mason, ’33; Mason and Wolfe, 
’35). Vitamin E was supplied by separate administration of 
wheat germ oil with the yeast supplement. When introduc¬ 
tion of traces of vitamin A was not desired, the wheat germ 
oil was aerated at 100°C. for a period of 4 hours. 

A. ABNORMAL VAGINAL CORNIFICATION OF A-DEFICIENCY 

When the rat is rapidly depleted of vitamin A the interval 
between the first appearance of abnormal vaginal smears and 
the onset of complete and continuous vaginal cornification 
varies from a few days to a week. The description of the 
successive stages of cornification, as outlined in this paper, 
is based upon the vaginal smears of rats in which vitamin 
A-deficiency developed less acutely, in order to bring out 
more clearly the progressive changes which occur. 

Early cornification. The first appearance of abnormal 
cornification in the dioestrous type of smear (fig. 1) was indi¬ 
cated by variable degrees of swelling, vacuolation and kera- 
tinization of the nucleated epithelial cells (fig. 2), and by a 
thin watery appearance of the mucus when present in such 
smears (fig. 3). Usually cornification was complete in only a 
relatively small number of the cells. Since such smears fre¬ 
quently resembled those of late metoestrus (fig. 8), continued 
cornification of the smear during several successive days was 
necessary for the differentiation of these two conditions. 
These early changes, and the increasing degrees of coruifica- 
tion which follow, were most clearly portrayed during pro¬ 
longed periods of dioestrus; such as occur after castration and 
during pregnancy, pseudopregnancy and lactation. When 
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the cyclic changes of oestrus occurred, the progressive cornifi- 
cation of the smears was interrupted by the normal processes 
of epithelial comification, dehiscence and regeneration re¬ 
sulting from hormonal influences. The modification of the lat¬ 
ter during the early stages of A-deficiency comification will 
now be considered. 

The normal oestrous cycle of the rat usually varies from 
4 to 6 days in length, the general average approximating 5 
days (Long and Evans, ’22). Successive daily smears usu¬ 
ally show the stages of prooestrus (figs. 5 and 6), oestrus (fig. 
7), and metoestrus (fig. 8), followed by several days during 
which the smear of dioestrus (fig. 1) appears. Only infre¬ 
quently does the smear of oestrus appear on 2 successive days. 

As the vaginal epithelium became altered by lack of vita¬ 
min A, striking changes occurred in the prooestrous smear. 
Frequently, these changes were detectable at the transition 
period between late dioestrus and early prooestrus, in the pale 
swollen appearance of many of the large nucleated epithelial 
cells and in the watery appearance of the mucus, when pres¬ 
ent (fig. 4). At other times, the large basophilic nucleated 
epithelial cells so characteristic of normal prooestrus (fig. 5) 
appeared greatly swollen, and exhibited considerable cornifica- 
tion. The nuclei were very pycnotic and the cell outlines were 
usually rather fuzzy and indistinct (fig. 9). This type of 
smear somewhat resembled that of the transition period be¬ 
tween normal prooestrus and normal oestrus (fig. 6), but was 
distinguishable from the latter by the larger size and more 
comified nature of the epithelial cells. As the deficiency pro¬ 
gressed, the atypical prooestrous smear soon became difficult 
to distinguish from that of oestrus. Its early obliteration 
afforded a striking and trustworthy criterion of early corni- 
fication of A-deficiency, and was usually followed by an ap¬ 
parent prolongation of oestrus over 2 successive days. 

Moderate comification. Following the appearance of the 
smears of atypical prooestrus, and of prolonged oestrus, the 
smears of dioestrus became more and more indistinguishable 
from those of metoestrus. They were characterized by an 
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increase in the number of completely cornified nucleated epi¬ 
thelial cells and, particularly, by the predominance of large 
and small nucleated epithelial cells exhibiting intermediate 
stages of cornification (fig. 10). The acidophilic staining re¬ 
action of the majority of the epithelial cells gave a somewhat 
pinkish tinge to the entire smear. Not more than 10 to 15 
per cent of the nucleated epithelial cells remained unaltered. 
Leucocytes were variable in number, representing from 20 to 
40 per cent of the cells present. Mucus never appeared in 
the smear after early cornification became manifest. The 
material removed each day, by gentle insertion of the spatula, 
was cheesy in consistency and became more and more 
abundant as the cornification progressed. 

Advanced cornification. As the cornified smear of pro¬ 
oestrus merged with those resembling prolonged oestrus, the 
oestrous cycle was represented by approximately three suc¬ 
cessive daily smears in which cornification was complete, or 
practically so, alternating with approximately two successive 
daily smears in which a relatively small number of leucocytes 
and partially cornified cells made their appearance among 
the completely cornified cells. The latter represented the in¬ 
creasing cornification of the dioestrous type of smear (figs. 
11 and 32), in which the marked reduction in non-cornified 
nucleated epithelial cells was much more characteristic than 
was the relative number of completely cornified cells and 
leucocytes present. 

Extreme cornification. As the deficiency progressed, the 
smear of dioestrus contained a still greater abundance of 
large flaky cornified cells but very few leucocytes and partially 
cornified cells (fig. 13). Eventually, the dioestrous smear 
contained only cornified cells (fig. 14) and closely resembled 
that of oestrus (fig. 7). This latter condition of complete and 
continuous vaginal cornification usually developed before 
definite xerophthalmia and growth retardation had become 
apparent. The cyclic changes of oestrus then became obliter¬ 
ated by the excessive cornification and could be followed only 
by the supravital method of examination of the vaginal smears 
(Mason and Ellison, ’35). 
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Vaginal cornification during pregnancy. During middle and 
late pregnancy, in the normal rat, large nucleated cells under¬ 
going a mucoid type of transformation are frequently ob¬ 
served in the vaginal smear (fig. 15). They represent the 
cells forming the thick mucified epithelial lining of the vagina 
typical of late pregnancy (fig. 16). When a mild deficiency 
of vitamin A existed, these cells could be observed under¬ 
going different degrees of corhification (fig. 17). When 
A-depletion was more severe, this mucoid transformation was 
entirely suppressed and the vaginal epithelium was thickened 
and comified throughout pregnancy (fig. 19). 

Slightly higher levels of vitamin A appeared to be neces¬ 
sary for maintenance of the mucified state of the vagina dur¬ 
ing late pregnancy than for maintenance of normal vaginal 
smears in non-pregnant rats. It has not been possible to de¬ 
termine whether this was due to a greater need for A on the 
part of the mucified epithelium, or to a greater drainage of 
the maternal stores of A during late pregnancy. 

B. RHYTHMICITY OF OESTRUS 

The periods of complete but temporary cornification of the 
vaginal smears, mentioned above, did not represent a state 
of continuous ‘heat.’ The smear of the first day of such 
periods constituted the comified smear of prooestrus, and 
pycnotic eosinophilic nuclei were frequently discernible in 
the comified cells at this stage. During the mid part of these 
periods the comified cells were rather indistinct in outline 
and tended to clump. During the last day, the cells were more 
discrete and more evenly distributed in the smear, bearing a 
closer resemblance to those of normal oestrus (fig. 7). 
Furthermore, as demonstrated by more than 100 mating tests 
with normal males, copulation occurred only during the last 
day of these periods. Hence, only the latter represented the 
period of true oestrus, or ‘heat.’ 

With this period of true oestrus as a guide, oestrous cycles 
of normal duration (table 1) could be followed as long as 
periods of complete but temporary cornification continued to 
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alternate with 1 or more (lavs of partial cornification (figs. 10 
to lit). Only during more advanced stages of A-defieiency, 
associated with definite growth retardation, did the oestrous 
cvcle become irregular and lengthened (Mason and Ellison, 
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The time interval required to effect repair of the vaginal 
epithelium (as judged by the disappearance of cornified cells 
of A-deficiency from the vaginal smears) varied from 1 to 
1,*} days (table 2), depending upon the amount of A supplied. 
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With the higher levels of therapy, and the shorter intervals 
of repair, the onset of oestrus within a few days of the begin¬ 
ning of therapy led to a considerable range of error in de¬ 
termining the exact, time at which repair was completed. 

Mucus, which was characteristically absent from the vaginal 
smear after the first appearance of cornification, reappeared 
at about the same time that normality of the smears was 
established. For a week or so following the disappearance of 
abnormal cornification in the vaginal smears, considerable 


TABLE 2 

Showing the repair of A‘deficiency cornification of the vaginal epithelium folfairing 
different levels of vitamin A-therapy 


UMBER 

OF 
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AMOUNT OF COP 

liver OIL 

ADMINISTERED, 

DROPS 

DURATION OF CORNU 
FICATION BEFORE 
THERAPY, l> \Y8 

Aver, j Min. | Max. 
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1 dr. single dose 


20 

, 30 

39 

2 dr. single dose 

23 

5 

58 

5 

4 dr. single dose 

46 

40 

! 53 

14 

Mo <lr. daily 

1 

19 

10 

! 28 

j 

15 

1 

1/5 dr. daily j 

18 

8 

24 

1 

12 

Yj dr. da ily j 

20 

15 

j 42 

6 

1 dr. daily I 

19 

16 

| 20 

30 

(5 dr. daily 

16 | 

.. 

I 

fl 

Stock diet, daily 1 

28 i 

14 

, 36 


I DAYS BEFORE WO INAL ' 

I SMKAHHFUEEOF * 

| CORN 1 FICATl ON DURATION OF 

EFFECT 


j Aver. 1 Min. Mux. 


4 s a 

4 j 2 
o j o 


1 ) j 1 to 0 cJiiy.s 
7 | 7 to 14 tin vs 

3 i 15 to 20 (Jays 


11 


1 11 


i 

i 


9 

8 



13 1 Subrnininial in 

! 9 rats 

12 I Hubininimal in 
] 4 rats 

8 .. 

6 : . 

3 :. 

12 :. 


vacuolation of (lie nucleated epithelial cells was observed. 
They appeared to represent deeper cells of the epithelium 
which had not fully recovered from the effects of the deficiency 
state. Such cells were also demonstrable, at times, in the 
smears of normal rats. The reappearance of mucus, and the 
disappearance of vacuolation in the nucleated epithelial cells, 
did not prove to be satisfactory criteria for determining the 
end point of repair. 

The rapidity and completeness of repair following A- 
therapy was well demonstrated in a group of twenty rats given 
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6 drops of cod liver oil, daily, beginning on the twelfth day of 
pregnancy; at which time the vaginal smears were extremely 
cornified. Within approximately 5 days cornified cells were 
entirely absent, from the smears and large mucoid nucleated 
epithelial cells were present in abundance. The rapid response 
of the vaginal and urethral epithelia to small amounts of vita¬ 
min A is shown in figure 20. 

In the tests presented in table 2, the duration of vaginal 
eornifioation prior to A-therapy varied from 5 to 58 days. 
Provided advanced or severe cornification (figs. 11 to 14) per¬ 
sisted for approximately 1 week, the previous duration of 
cornification had no significant effect upon the repair response 
of the vaginal epithelium. Other data, presented in table 2, 
indicate that the usefulness of the vaginal smear test as a 
method of bio-assay lies in the time interval between the repair 
of abnormal cornification and reappearance of the latter, fol¬ 
lowing the administration of single doses of vitamin A-con- 
taining substances, rather than in the time interval required 
to effect repair. 

2. Castrates. Forty castrate rats, in which vaginal cornifi¬ 
cation had existed for 2 to 4 weeks, were used for A-therapy 
tests. The dosages of cod liver oil supplied were the same as 
given in other tests where non-castrate rats were used (table 
2), but the results were quite different. There was a marked 
reduction in the cornified cells of the smears, and normal nu¬ 
cleated cells and leucocytes appeared in large numbers. But 
small numbers of cornified cells usually continued to appear 
either constantly or at irregular intervals throughout the 
duration of the test, which varied from 3 to 12 weeks. There 
was usually no clear cut end point of repair such as observed 
in the non-castrate rat. 

Mucus made its appearance in the smear soon after therapy 
was begun, and persisted throughout the period of therapy. 
Histologically, the vaginae were typical of the castrate condi¬ 
tion, except for the presence of small numbers of cornified 
cells in the superficial layers of the thin epithelium (two- to 
four-cell layers), and for the presence of unusually large 
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numbers of leucocytes forming a layer several eells deep just 
internal to the vaginal epithelium. 

]>IS<TSSION 

Many excellent studies of the past 10 years have offered 
convincing evidence that the primary efl’eol of vitamin A-de- 
lici(‘ncy is an alteration in the epithelial cells throughout the 
body. The present paper adds further evidence in support of 
this concept, and demonstrates the reliability and usefulness 
of the vaginal smear tost as a criterion of mild sub-xeroph- 
thalmic levels of vitamin A-deficiency. 

According to the observations of Wo I bach and Howe ('25, 
Seifried (’.'!()), and others, tin* fundamental effect of lack 
of vitamin A appears to involve an atrophy of the epithelium 
accompanied by, or followed by, a reparative proliferation of 
the basal cells. The latter, having lost their typo specificity, 
produce a stratified keratinizing epithelium regardless of the 
type previously existing in that location. In recovery, each 
epithelium returns to its normal type (Wolbach and Howe, 
The extent and the nature of disturbances of secretory 
function in epithelial colls has received very little* attention. 

In the vaginal epithelium, which is normally stratified and 
which periodically comities, no primary atrophy was observed 
after A-deficiency. lint a marked increase in tin* prolifera¬ 
tive* activities of the epithelium was striking, as demonstrated 
by the increased abundance of cellular material obtained in 
the daily process of smearing as the deficiency progressed, 
and by tin* greatly increased thickness of Iho epithelium, es¬ 
pecially in easlrate rats. These observations are in accord 
with the increase in mitotic activity noted in the vaginal epi¬ 
thelium of A-defieiont castrate rats by Abode (\‘!.‘>a), and 
with the interpretation of the metaplasia in other opithelia 
as observed by Wolbach and Howe (’25, ) and others. 

More striking than the increased stratification and meta¬ 
plasia of the vaginal epithelium was tlie increased cornifica- 
tion of the epithelial cells, especially when cyclic changes of 
oestrus were occurring. In the normal rat, after the restitu- 
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tion of the vaginal epithelium at the approach of prooestrus, 
the large nucleated epithelial cells forming the internal lining 
of the epithelium are separated from the basal layer (stratum 
germinativum) by a layer of cells in which cornification oc¬ 
curs (stratum corneum); these two more superficial layers 
forming the cells of the prooestrous and oestrous smears, re¬ 
spectively. The obliteration of the prooestrous smear, and 
the increased duration of the oestrous type of smear, during 
the earlier phases of A-deficiency, seemed attributable to pre¬ 
mature cornification of the cells normally forming the super¬ 
ficial nucleated layer and to an accentuation of the cornifica¬ 
tion normally occurring in the stratum corneum. The in¬ 
creased cornification of the dioestrous smear appeared to 
be due to less complete removal of this more cornified super¬ 
ficial layer of the epithelium during the degenerative changes 
of metoestrus, and to abnormal cornification of the deeper 
layers of cells, culminating in complete and continuous corni¬ 
fication of the smear. 

That severe and prolonged cornification of the vaginal epi¬ 
thelium produced no permanent injury was indicated by the 
rapidity of repair following A-therapy, as noted also by other 
investigators (Evans, ’28; Baumann and Steenbock, ’32; 
Aberle, ’33). The more rapid repair in this epithelium, as 
compared with that observed by Wolbach and Howe (’33) in 
other types of epithelia, appears to be due to two factors. The 
vaginal epithelium requires no reorganization after the 
influences inducing excessive cornification are removed. 
Furthermore, the cyclic dehiscence and regeneration of the 
outer layers of the epithelium associated with the oestrous 
cycle appeared to greatly facilitate the repair process. 

The incompleteness of removal of cornified cells from the 
vaginal smears of A-deficient castrate rats after vitamin A- 
therapy has received no satisfactory explanation. It seems 
possible that the absence of the periodic degeneration and 
reorganization of oestrus, and decreased mitotic activity of 
the cells of the basal layer of the epithelium, associated with 
a more deep-seated injury induced by the previous state of 
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A-deficiency in the castrate epithelium, where cyclic changes 
of oestrus are absent, are important factors. Contrary to the 
belief of Hohlweg and Dohrn (’30), we feel that the castrate 
rat is unsuitable for tests involving the repair of vaginal corni- 
fication by A-therapy. However, in determining the time of 
appearance of vaginal cornification in A-deficiency, castrates 
prove as useful as non-castrates, but offer no advantage over 
the latter (Mason and Wolfe, ’35). 

The inability of the vaginal epithelium of A-deficient rats 
to produce mucified epithelial cells normally characteristic of 
pregnancy suggests a definite alteration in the physiologic 
state of the cell, rather than a deficiency of hormonal stimuli 
acting upon the cell. This is supported by our inability to 
demonstrate any significant alteration in the endocrine func¬ 
tions of the ovary or of the hypophysis (Mason and Wolfe, 
unpublished studies), and by the observations of Aberle 
(’33 a) that the vaginal epithelium of the A-deficient rat is 
quite incapable of responding to excessive administration of 
a placental extract which regularly induces marked mucifica- 
tion of this epithelium in the normal rat. It appears that, 
in epithelial cells deprived of adequate vitamin A, the produc¬ 
tion of glyco-proteins (mucin) is interfered with and albumi¬ 
noids (keratin) appear in excess. This would suggest that 
vitamin A may play an important role in protein metabolism 
or synthesis within the epithelial cell. In the present studies, 
it has not been possible to determine whether the keratinizing 
process of A-deficiency differs, in any respects, from that 
normally occurring at the period of oestrus in normal rats 
under the influence of hormonal factors. 

The observations presented in this report, and in a separate 
paper (Mason and Wolfe, ’35), clearly demonstrate the relia¬ 
bility of vaginal cornification as an index of early stages of 
vitamin A-deficiency. These findings are in disagreement 
with those of Parkes and Drummond (’26), Coward (’29), 
Coward, Morgan and Dyer (’30) and Thatcher and Sure (’32), 
as discussed more fully elsewhere (Mason and Ellison, ’35). 
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As a method for the biological assay of vitamin A, the 
vaginal smear test seems best applicable to the measurement 
of the interval elapsing between the repair of, and the return 
of, vaginal cornification following administration of single 
doses of vitamin A-containing substances. Unlike the other 
criteria of A-deficiency (xerophthalmia and growth plateau), 
vaginal cornification is not significantly influenced by other 
factors (differences in inherent growth capacity of the test 
animal, general debility, extraneous causes of ocular irrita¬ 
tion and infection) which may alter the reparative response 
when measured by other methods of assay. The lesser degree 
of A-depletion required in the test animal, and the utilization 
of Ihe same animal for repeated tests at intervals of a few 
weeks, offer additional advantages. 

As far as we can ascertain, no attempt has yet been made 
to determine whether lack of vitamin A produces increased 
cornification of the vagina in the human. The evidence at 
hand would suggest that vitamin A is essential for the main¬ 
tenance of a normal healthy state of this epithelium. Of in¬ 
terest in this latter connection are recent observations of 
Dr. J. W. Simpson, of the Department of Obstetrics and 
Gynecology of this school (personal communication), dealing 
with the efficacy of a high intake of vitamin A in the treat¬ 
ment of senile vaginitis, especially in patients in whom the 
dietary history suggested a low intake of this factor. Not 
only were the clinical and macroscopical manifestations much 
more rapidly improved than by the more usual methods of 
treatment, but small portions of the vaginal epithelium re¬ 
moved by biopsy, at intervals during treatment, showed 
marked histologic evidences of repair. 

The usefulness of the vaginal smear test in detecting early 
stages of vitamin A-deficiency in the rat, and in permitting 
study of the injury induced by mild levels of A-deficiency un¬ 
detectable by other pathognomonic signs, is demonstrated in a 
separate study (Mason, ’35). 
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SUMMARY AND CONCLUSIONS 

1. The changes occurring in the dry stained vaginal smears 
of castrate, non-castrate, and pregnant rats during the de¬ 
velopment of vitamin A-deficiency, and during repair of the 
deficiency state, are described. These observations are based 
upon the study of more than 52,000 vaginal smears. 

2. Lack of A results in an early cornification of the nu¬ 
cleated epithelial cells typical of the prooestrous smear, and 
in an accentuation of the process of cornification normally oc¬ 
curring at oestrus, resulting in the appearance of completely 
cornified smears during several successive days. The last 
day of such periods represents the stage of true oestrus, or 
‘heat.’ 

3. There also occurs a progressive cornification and an in¬ 
creased proliferation of the nucleated epithelial cells of the 
dioestrous type of vaginal smears, associated with a corre¬ 
sponding reduction in the relative number of leucocytes, 
culminating in continuous and complete cornification of the 
smears before xerophthalmia and growth retardation become 
apparent. 

4. As a result, the cyclic changes of oestrus are represented 
by alternating periods of partial (metoestrus and dioestrus) 
and complete cornification (prooestrus and oestrus) of the 
vaginal smears. Until the two types of smear merge into a 
state of complete and continuous cornification, oestrous cycles 
of normal duration can be followed by the dry stained smears. 

5. Mucus disappears from the smear at the onset of corni¬ 
fication and reappears during the early stages of repair. 

6. Except in castrate rats, daily administration of one-tenth 
to one-fifth drop of cod liver oil usually effects repair of 
severe vaginal cornification during the second week of therapy, 
and represents the approximate minimal level of therapy for 
maintenance of normal vaginal smears in A-deficient rats. 
With larger doses of vitamin A, cornified cells disappear from 
the smear within 1 to 2 days. 
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7. Small numbers of comified cells continue to appear, in 
the vaginal smears of castrate rats, even after long periods of 
vitamin A-therapy, invalidating the use of such rats for assay 
tests by the smear method. 

8. The usefulness of the vaginal cornification test as a 
method of bio-assay, and as a criterion of mild levels of vita¬ 
min A-deficiency, is discussed. 
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PLATE 1 


EXPLANATION OP PIOUEEB 

All figures are photographs of vaginal smears of the rat. X 100. 

Stained in haematoxylin and eosin. 

1 Normal dioestrus. Considerable mucus with many leucocytes and a few 
nucleated epithelial cells. 

2 Early cornification during dioestrus. A few large cornified cells inter¬ 
mingled with leucocytes and large, swollen, nucleated epithelial cells. 

3 Early cornification during dioestrus. Approximately equal numbers of com¬ 
pletely cornified cells and nucleated cells, some of which exhibit early stages of 
cornification. Mucus thin and watery. 

4 Early cornification during transition from late dioestrus to early prooestrus. 
Shows many large, swollen nucleated epithelial cells with faintly acidophilic or 
faintly basophilic nuclei surrounded by a ring of faint cytoplasm. Few leuco¬ 
cytes are present. The mucus is becoming thin and watery. The following day 
the smear resembled that of figure 9. 

5 Normal prooestrus, showing large basophilic nucleated epithelial cells. 

6 Normal prooestrus (late), showing smaller nucleated epithelial cells with 
pycnotic nuclei and faintly acidophilic cytoplasm, as frequently observed during 
the transition period between prooestrus and oestrus. 

7 Normal oestrus, showing the large discrete, flaky cornified cells typical of 
this stage. 

8 Normal metoestrus (late), showing large numbers of basophilic nucleated 
epithelial cells and leucocytes, together with numbers of pale cornified elements 
persisting from the preceding stage of oestrus. 

9 Atypical prooestrus characteristic of early stages of cornification. The 
large basophilic nucleated epithelial cells typical of this stage (fig. 5) have under¬ 
gone extensive swelling and cornification. Pycnotic nuclei are visible in many 
cells. 

10 Moderate cornification appearing during dioestrus. The majority of nu¬ 
cleated epithelial cells show varying degrees of cornification. Abundance of 
leucocytes, but no mucus. 
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PLATE 2 


EXPLANATION OF FIGURES 

Figures 11 to 15,17 and 18 arc photographs of vaginal smears of the rat. X 100. 

Figures 10, 19 a^d 20 arc photographs of sections of the vagina of the rat. 
X 100. 

Stained in hematoxylin and oosiu. 

11 Advanced cornifieatiun. Large numbers of cornified cells and leucocytes; 
very few nucleated epithelial cells. 

12 Advanced corn ideation. Similar to figure 11, except for larger proportion 
of cornified epithelial cells. 

13 Extreme comificatiou. Only a few leucocytes and extruded nuclei of 
degenerated nucleated epithelial cells are interspersed among the large completely 
cornified cells. 

14 Extreme eornifieation, 'Representing stage of complete comificatiou. Re¬ 
sembles smear of normal oestrus (fig. 7), except for the extreme paleness of the 
cornified cells. 

1,1 Vaginal smear on seventeenth day of pregnancy, from rat receiving one-fifth 
drop of cod liver oil, daily. This level of therapy was adequate to repair the 
previous \nginal comificatiou, as demonstrated by the presence of the large* 
mucified epithelial cells which are identical with those commonly observed in 
normal rats during the second half of pregnancy. 

Id Showing the tall mucified type ol* vaginal epithelium of the normal rat 
at the end of pregnancy. 

17 Vaginal smear on fifteenth day of pregnancy, from rat receiving sub- 
minimal lex el of A-therapy (one-tenth drop of cod liver oil, daily). Such smears 
are frequent when mild, chronic deficiency of A exists during pregnancy. The 
deeply stained elements are mucified nucleated epithelial cells similar to those of 
figure LT The grayish masses represent many nucleated epithelial cells under¬ 
going all degrees of eornifieation. A thin, watery mucus is usually present in 
such smears. 

18 Vaginal smear of castrate rat which, after 20 daxs of continuous comi¬ 
ficatiou, received daily administration of one-fifth drop of cod liver oil for 
43 days, and of 2 drops of cod liver oil for 32 more days. Cornified cells con¬ 
tinued to persist in the smear. This smear was taken on the seventy-fifth day 
of therapy. 

J9 Thick cornified stratified epithelium of vagina (left) and of urethra 
(right), from A-deficient rat at the end of pregnancy, during which eornifieation 
of vaginal smears was complete and continuous. 

20 Vaginal epithelium (left) and urethral epithelium (right) from rat which 
had shown severe vaginal eornifieation for 18 days after which one tenth drop 
of cod liver oil was administered, daily, during the 4 days preceding autopsy. 
Compare with figure 19, representative of the condition prior to therapy, and 
note the marked reduction in thickness of both opithelia, due to sloughing of 
the superficial layers of cornified cells. 
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PROCEEDINGS OF THE SECOND ANNUAL MEETING 
OF THE AMERICAN INSTITUTE OF NUTRITION 

MINUTES OF MEETING OF AMERICAN INSTITUTE OF NUTRITION, 
DETROIT, APRIL 10, 1035 

The second annual meeting of the American Institute of 
Nutrition was held in Detroit at the Masonic Temple on April 
10, 1935, according to printed program sent to all members. 
Seventy-six members and 203 guests registered and approxi¬ 
mately 400 to 500 people were in attendance during the entire 
program. 

President John R. Murlin presided at the morning scientific 
session and business meeting. Vice-President E. F. DuBois 
presided during a part of the afternoon scientific session. 
The meeting started promptly at 9.30 a.m. and for the most 
part each speaker was thoughtful enough to confine his com¬ 
ments rigidly to the time allotted to the presentation of his 
paper thus making it possible to start the business meeting 
at 11.30 a.m. according to schedule and to close promptly at 
1.00 p.m. The second scientific program was conducted in the 
same expeditious and satisfactory manner. All twenty papers 
listed on the program were presented. 

The business meeting was called to order by President 
Murlin. The reading of the minutes of the preceding meet¬ 
ing was dispensed with since they had been published in The 
Journal of Nutrition and could be read by all. The president 
announced that any comments on the minutes as published 
could be sent in writing to the secretary. 

The report of the Treasurer was then read and accepted. 
Harold B. Pierce and Harold E. Himwich were asked to serve 
as auditors. After examination of the treasurer’s report 
they declared it correct. 
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The annual assessment for 1935-1936 was fixed at $1.00 by 
unanimous vote of the membership. 

The committee appointed to consider changes in the con¬ 
stitution 1 of the American Institute of Nutrition submitted 
their report. After much discussion of the various items the 
following changes in the by-laws were adopted (the changes 
are italicized): 

Article I. Membership. Section I. Membership: 

There shall be two classes of members , members and emeritus members . The 
number of members shall be limited to 250; exclusive of emeritus members. 
Section II. Eligibility for membership: Members. —Qualified investigators who 
have independently conducted and published meritorius original investigations in 
some phase of the chemistry or physiology of nutrition and who have shown 
a professional interest in nutrition for at least 5 years shall be eligible for 
membership in the society. Emeritus members.—Members in good standing who 
have reached the age of 65 years shall become emeritus members. A member in 
good standing and for sufficient reason may by vote of the council be made an 
emeritus member. Emeritus members shall be entitled to vote but not hold 
office. 

(Change the designation of Sections 3 and 4 to 4 and 5 respectively.) 

Article VI. Dues: The dues shall be the annual cost of subscription to The 
Journal of Nutrition for members plus an annual assessment which shall be 
determined by majority vote at the annual meetings, upon recommendation of 
the council, and shall be due within a month after the annual meeting. Emeritus 
members are not required to pay assessments nor to subscribe to The Journal 
of Nutrition. 

(Note: The dues will be $4.00 plus the assessment for those who have already 
subscribed to the journal for the year 1935. This will place the journal year 
from July 1st to June 30th. Thereafter the dues will be $8.00 plus the assess¬ 
ment. For members who do not now subscribe to the journal the dues will be 
$8.00 plus the assessment for the year 1935-1936.) 

Article VII. Section 2. (Beginning with the subsection lettered * A. f ) Sub¬ 
section A. The editorial board shall consist of twelve regular members and a 
managing editor . B and C (the present subsections now lettered A and B) the 
managing editor shall be chosen by the editorial board to serve a period of 
5 years. He shall be eligible for re-election. 

The next item of business was the election of officers. 
Franklin C. Bing, Bay G. Daggs and Walter C. Russell were 
asked to act as tellers for this election. 

The nominating committee for 1935, composed of E. B. 
Forbes, Henry A. Mattill (appointed to replace A. W. Rowe, 

1 Original Constitution—sec J. Nutrition, vol. 7, no. 5 and supplement, 1934. 
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deceased), H. S. Mitchell, W. S. Sperry and Harry Steenbock, 
chairman, proposed the following nominees: 


President 

Vice-President 

Secretary 
Treasurer 

Councilor 


J. R. Murlin 

E. F. DuBois 

F. C. Koch 
I. G. Macy 

W. M. Boothby 

G. R. Cowgill 
L. A. Maynard 
G. E. Cullen 


Editorial Board 
(4 to be elected) 

G. R. Cowgill 

H. B. Lewis 

I. G. Macy 
E. M. Nelson 
L. S. Palmer 
W. C. Rose 
A. T. Shohl 
A. H. Smith 


Doctor Steenbock, in discussing the report, stated that the 
nominating committee had a considerable number of ballots 
cast in arriving at its list of nominees. The committee ap¬ 
preciated that there were certain questions of precedence 
which might be involved and was exceedingly careful in arriv¬ 
ing at its conclusion. Nevertheless, it saw fit to nominate 
Doctor Murlin as president in face of his protest against the 
possible establishment of a precedent of re-electing officers 
from year to year because it wanted to express in some small 
measure appreciation for the excellent work he has done for 
the society. In the case of the secretary, the committee felt 
that on account of the familiarity of the present secretary with 
the work involved it would be to the credit and advantage of 
the society to have her re-elected. Although the president 
called for nominations from the floor it was moved and 
seconded that the nominations be closed. Furthermore, it 
was moved and seconded that the secretary be instructed to 
cast a unanimous ballot for Doctor Murlin as president and 
the president in turn was asked to cast a unanimous ballot 
for Icie GL Macy as secretary. The tellers reported the fol¬ 
lowing election of officers by ballot: 


a) Members of Council: 

E. F. DuBois, Vice-President 
G. R. Cowgill, Treasurer 
L. A. Maynard 


b) Editorial Board: 
W. C. Rose 
A. IT. Smith 

G. R. Cowgill 

H. B. Lewis 


In discussing the new amendment on dues Paul E. Howe 
suggested that it be a matter of choice if a member takes one 
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or two volumes of The Journal of Nutrition at a time. It was 
also decided that the society should collect the dues (includ¬ 
ing the annual assessment and the journal fee) and pay to 
the journal. 

The opinion was expressed that it was quite unfair for a 
member to subscribe to the journal and then turn it over 
to the library in an institution. The society loses because 
members pay $4.00 per volume and non-members $5.00. 

The council which had met at the Hotel Statler on Tuesday 
evening, April 9th, reported the following names as qualified 
for membership in the American Institute of Nutrition: 


Leah Aseham 
James Harold Austin 
Joseph H. Axtmayer 
Charles E. Bills 
L. Jean Bogert 
Alfred Bosworth 
W. W. Branmn 
Margaret Hessler Brookes 
Thomas B. Cooley 
Gerald J. Cox 
Robert Gibson 


Estelle E. Hawley 
V. G. Heller 
C. A. Hoppert 
Percy R. Howe 
Rebecca Hubbell 
J. F. McClendon 
E. W. McHenry 
Adc T. Milkorat 
R. C. Miller 
Elsa R. Orcnt 


Herbert Pollack 
Myra Sampson 
Frederick H. Scharles 
Philip A. Shaffer 
Henry J. Spencer 
F. W. Sunderman 
Dee Tour tel iotte 
Harry M. Yars 
James Waddell 
Bruce Webster 


It was moved by Paul E. Howe and seconded by E. F. 
DuBois that the candidates approved by the council be elected 
to membership in the American Institute of Nutrition. The 
motion was carried unanimously. 

The chairman announced the resignation of Robert C. 
Moulton. E. B. Forbes moved that Doctor Moulton be con¬ 
tinued as an emeritus member. This was seconded by E. F. 
DuBois. The motion carried. 

In accordance with the by-laws the chairman appointed the 
following nominating committee for 1936: Henry C. Sher¬ 
man, chairman, R. Adams Dutcher, Fred A. Hitchcock, 
Charles 0. King and Helen T. Parsons. 

The chairman announced that the council recommends a 
continuance of the policy for the present at least, of holding 
the meeting of the American Institute of Nutrition one day 
in advance of the Federation meeting. There seems to be no 
objection to this arrangement. 
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The noon luncheon was attended by 141 members and 
guests. 

R. M. Bethke moved that the following resolution be 
recorded in the minutes: 

That the secretary be instructed to write the Convention Bureau, the Masonic 
Order and the Local Committee and express the thanks and appreciation of the 
American Institute of Nutrition for the splendid accommodations provided for 
the meetings and all other arrangements that added to the comfort and pleasure 
of the members and their guests. 

At the closing of the meeting the president announced the 
untimely death of Allen Winter Eowe of Boston during the 
past year. The members stood for a moment in silence in 
token of respect for Doctor Rowe. 

Icie G. Macy, 
Secretary. 
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PROGRAM OF PAPERS PRESENTED 

ABSTRACTS 

Experiments with a new type of antirachitic substance . Lester Yoder, B. H. 

Thomas and Malcolm Lyons, Iowa Agricultural Experiment Station, Ames Iowa. 

Recently Yoder 1 reported that an antirachitic derivative, namely, cholesterilone 
sulfonic acid, can be prepared from cholesterol without resorting to irradiation. 
We have found in working with this derivative and certain of its salts that their 
effects on intestinal reaction, iron reduction and calcification are very similar 
to those of viosterol. 

The calcium salt of cholesterilene sulfonic acid has been repeatedly prepared 
and has been found to possess the same constant composition and antirachitic 
potency. Sulfonic acids prepared in the same manner from a variety of synthetic 
alcohols have failed to exhibit any antirachitic activity. 

In view of the wide differences in the efficacy of cod liver oil and viosterol 
as antirachitics for chicks, calcium cholesterilene sulfonate was compared with 
these commonly employed supplements. Two such tests have demonstrated that 
chicks are able to utilize calcium cholesterilene sulfonate more efficiently than 
cod liver oil and much more so than viosterol. For example, the tibiae of chicks 
fed rations containing 2 rat units of cod liver oil or 50 rat units (Steenbock) of 
viosterol per 100 gm. of ration contained practically the same percentage of ash 
as those of the negative control group; namely, 28.7 per cent. However, chicks 
similarly fed rations containing 2 and 50 rat units (Steenbock) of calcium 
cholesterilene sulfonate yielded bones which ashed practically the same as the 
positive control group; namely 47.3 per cent. 

tester Yoder, Science, vol. 80, p. 385, 1934. 

Variability of vitamin J) response with temperature of environment, D. Tourtel- 

lotte (introduced by M. S. Fine) and W. Bacon (by invitation), Research 

Laboratories, General Foods Corporation, Battle Creek, Michigan. 

The routine use of a standardized cod liver oil as a control for vitamin D 
assays during a 2-year period has shown the variability in vitamin D response 
with temperature of environment and indicates the necessity for air-conditioned 
animal quarters where precise vitamin D assays are to be made. Although some 
nutrition laboratories have such air-conditioned rooms, no published data showing 
the variability in assay results due particularly to uncontrolled summer tempera¬ 
tures have appeared. 

The vitamin D estimations were made by the Bills 5-day line test modification 
which possesses the advantage of speed and reliability over other existing vitamin 
D assay procedures. Variables due to dietary constituents have been reduced to 
a minimum by the purchase of a year's supply of grains after careful pre¬ 
liminary tests as to their suitability. Mean temperatures above 80°F. during 
the rachitogenic and test periods caused an apparent three- to four fold fluctua¬ 
tion in vitamin D potency of a standard control cod liver oil. The error of the 
assay was due to an increased severity of rachitogenesis during periods of elevated 
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temperatures as shown by the development of standard line test rickets in 11 
to 14 days as against the specified period of 21 days. Reducing the calcium: 
phosphorus ratio of the diet compensated for the increased rate of rachitogenesis. 

The comparative antirachitic efficiency of irradiated milk, yeast milk and cod 
Uver oil . R. M. Bethke, W. E. Krauss, P. R. Record (by invitation) and 
0. H. M. Wilder (by invitation), Departments of Animal Industry and Dairy 
Husbandry, Ohio Agricultural Experiment Station, Wooster. 

A comparison was made with chicks of the antirachitic efficiency of irradiated 
milk, milk produced by the feeding of irradiated yeast to cows, and cod liver oil, 
on a rat unit basis. 

The dried whole milks were first assayed for vitamin D with rats and then 
compared on the rat unit basis with chicks. Equivalent amounts of milk solids, 
either in the form of dried skim milk or dried whole check milk, were included 
in the negative and positive control chick rations. Ash analyses of the tibiae 
were made at the end of the fifth or sixth week. 

The data showed that it required more than ten times as many rat units of 
vitamin D in the form of yeast milk than in the form of irradiated milk to produce 
the same degree of calcification. Yitamin D from irradiated milk and cod liver 
oil were equally efficient. 

Tho same milks (irradiated and yeast) were found to be equally efficient for 
the cure of rickets in infants by Gerstenberger, Horesh and Van Horn, when 
fed on an equivalent rat unit basis. These observations indicate that the infant 
and chick vary greatly in their utilization of vitamin D from different sources. 

The antirachitic efficiency of irradiated milk, yeast milk, cod liver oil , and 
irradiated cholesterol. R. W. Ilaman (by invitation) and II. Steenbock, Labora¬ 
tory of Agricultural Chemistry, University of Wisconsin, Madison. 

The primary object of our experiments was to compare the antirachitic efficiency 
of a unit of vitamin D from irradiated milk with that from so-called yeast milk 
produced by the feeding of irradiated yeast to cows. In line with previous work 
the milks were standardized with rats and the comparison of efficiency was made 
with baby chicks. The milks in the first experiments were fed incorporated in a 
rachitogenic ration. Later butter fat from the milks was used instead. Bone ash 
analyses were made after 5 weeks. 

The data obtained revealed that for the chicken a unit of vitamin D from 
irradiated milk was approximately ten to fifteen times as efficient as a unit from 
yeast milk. Irradiated milk proved to be as efficient as cod liver oil. Further¬ 
more our data confirmed the observation of Dr. James Waddell that irradiated 
cholesterol had the same antirachitic efficiency as cod liver oil. 

In view of our data it is evident that there is an urgent need for correlative 
studies with infants. So far as data with infants are available in the literature, 
it is evident that the difference in efficiency of cod liver oil and irradiated milk as 
compared with yeast milk is not the same as we found it to be with chickens. 
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The healing of rickets in rats on a diet containing negligible amounts of calcium 
and vitamin D . James H. Jones and B. N. E. Cohn (by invitation), Depart¬ 
ments of Physiological Chemistry and Orthopedic Surgery, School of Medicine, 
University of Pennsylvania, Philadelphia. 

Young rachitic rats, which were transferred to a synthetic diet of normal 
phosphorus content but containing at most only traces of either calcium or vitamin 
D, showed a marked decrease in food consumption and developed tetany within 
18 to 48 hours. After 48 hours the animals were divided into three groups: 
group I, sacrificed; group II, continued on synthetic diet; group III, given 
irradiated ergosteroL Serum calcium and phosphorus of group I were about 6 
and 10 mg., respectively, and the Mine test' indicated slight healing. The food con¬ 
sumption of groups II and III increased after 48 hours and tetany disappeared. 
Serum calcium increased while phosphorus remained high. After a few weeks both 
groups of animals showed complete healing of the rickets. The shafts of the long 
bones were very fragile with numerous spontaneous fractures. The absolute amount 
of ash in the femora of the animals of groups II and III appeared to be slightly 
more than in those of group I. Since healing of the rachitic lesions and the 
possible slight increase in femur ash occurred on a diet containing negligible 
amounts of calcium the bone salts must have been transferred from calcified 
portions of the skeleton to the more rachitic parts. Furthermore, as healing took 
place in the animals not receiving viosterol apparently vitamin D is not essential 
for this metastasis. 

The influence of some commonly used salt mixtures upon growth and bone 
development of the albino rat. 1 Lafayette B. Mendel, Rebecca B. Hubbell (by 
invitation) and Alfred J. Wakeman (by invitation), Biochemical Laboratory 
of the Connecticut Agricultural Experiment Station, New Haven. 

In order to devise a salt mixture suitable for use with rapidly growing rats, a 
study was made of four well-known preparations. Male rats in groups of ten 
were placed at weaning on diets of purified foods in which the salt mixture and 
the level at which it was fed were the variables. 

Comparisons of the rate of growth from 60 to 200 gm., and of the ash of the 
dry, fat free femurs showed that the mixtures are not interchangeable at any 
of the six levels studied. Rats given 4 per cent Osborne-Mendel or McCollum 
salts showed the same daily gain (5.2 gm.), but the bone ash was quite different, 
being 60.8 and 57.9 per cent, respectively. With 2 per cent Stecnbock salts, 
the gain was 4.0 gm. and the bone ash 50.1 per cent, whereas with Osborne- 
Mendel salts, the animals gained 5.8 gm. per day and attained a higher bone ash 
(51.8 per cent) in spite of the more rapid growth. 

If to 1 per cent of any of the four mixtures enough CaCO, was added to raise 
the calcium to the level in 5 per cent Osborne-Mendel salts growth was rapid in 
all cases (5.0 to 5.8 gm. daily) and calcification of the femurs occurred to about 
the same degree (57.4 to 58.9 per cent). 

1 The expenses of this investigation were shared by the Connecticut Agricultural 
Experiment Station and the Carnegie Institution of Washington. 
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The influence on iron assimilation of some of the elements in groups 1 and £ of 
the periodic system. Seymour W. Kletzien, State Institute for the study of 
Malignant Disease, Buffalo, New York. 

In the past year evidence has been presented by the author showing the definitely 
inhibitive effect on iron assimilation of calcium carbonate added to an other¬ 
wise complete diet. These studies have been extended since the presentation of 
the initial report to include other calcium salts as well as the carbonates of 
sodium, potassium, beryllium, strontium, and barium. The data reveal that the 
role of these elements in iron assimilation is distinct, if not unique, and that 
they fall according to their ability to facilitate or inhibit iron assimilation into 
either group 1 or 2 of the periodic system. 

The significance of this work aside from its more abstract or purely scientific 
aspects lies in its direct application to our present day nutrition problems among 
which the studies in reproduction, anemia, and respiratory disease figure so con¬ 
spicuously. Further, it appears to throw light on those problems relating to iron 
and beryllium injections in experimental tuberculosis, and lastly, it affords an 
apparent answer as to why we are born rich in iron and poor in calcium. 

Indispensahility of cine in the nutrition of the rat . Frank E. Stirn (by invita¬ 
tion), C. A. Elvehjem and E. B. Hart, Laboratory of Agricultural Chemistry, 
University of Wisconsin, Madison. 

Data are presented substantiating our former work which demonstrated that 
zinc was essential in the nutrition of the rat. We had shown that zinc was re¬ 
quired for normal growth. However, about the same time Newell and McCollum 
reported no differences in animals on zinc low and zinc fortified diets with the 
exception of a variability in the animal’s zinc content. In eontinuing our work 
the ration was further improved by lowering its zinc content and increasing its 
growth promoting properties by supplying the water soluble vitamins from milk 
serum. On this ration the animals which did not receive zinc consistently showed 
marked retardation of growth as compared to litter mates on the same ration 
to which zinc had been added. No specific pathological changes were exhibited 
by the animals on the zinc low ration except that they became hyper-irritable and 
developed an abnormal fur coat. That the ration was complete in every respect, 
with the exception of zinc, was shown by the fact that the animals which 
received this ration with added zinc were apparently normal. Food intakes showed 
that the zinc low animals were less efficient converters of ration into body weight 
and also that they consumed appreciably less ration. This work demonstrates 
conclusively that zinc is an essential element for the normal nutrition of the rat. 

The relation of selenium to a toxicosis produced by ingestion of wheat . E. M. 
Nelson and D. Breese Jones, Protein and Nutrition Division, Bureau of 
Chemistry and Soils, United States Department of Agriculture. 

Four years ago the attention of I)r. Henry G. Knight, chief of the Bureau of 
Chemistry and Soils, was directed to the fact that a disease of obscure origin 
occurred in farm animals, and furthermore, that wheat and other grains grown in 
the same locality where the disease occurred produced toxic symptoms when fed 
to laboratory animals. Extensive research in the U. S. Department of Agriculture 
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has established that the toxic nature of such wheat is due to the presence of 
selenium. Experimental evidence is offered showing that this toxic Belenium is 
associated with certain proteins. 

Utilisation of inulin by the white rat Howard B. Lewis and Adelaida Bendana 
(by invitation), Department of Physiological Chemistry, Medical School, Univer¬ 
sity of Michigan, Ann Arbor, 

The problem of the utilization of inulin was approached through a study of 
the growth curves of young white rats on a diet adequate except in calorific 
value. Control animals 60 to 70 gra. in weight, on a diet supplying approximately 
12 cal. daily, with either fructose or sucrose as a source of carbohydrate, showed 
growth curves which were essentially fiat. Animals on the basal diet plus 
1.5 gm. of inulin (chicory) daily showed much better growth than the controls. 
However, rats given the basal diet plus 1.5 gm. of either sucrose or fructose 
daily showed a markedly superior growth as compared with the rats fed inulin. 
Thus, although inulin may be utilized to some extent, its nutritive value is not 
comparable to that of either fructose or sucrose. 

In a number of experiments in which inulin entirely replaced either sucrose or 
fructose, all except four rats in one series died within 15 days. Death was 
probably due to marked distention of the large intestines, with changes in 
pressure relations caused by intestinal fermentation of the inulin. 

An attempt was also made to determine whether any difference exists between 
inulins of different botanical origins by following growth curves of rats on the 
basal diet plus 1.5 gm. daily of either dahlia or chicory inulin. No evidence of 
a difference in the nutritive value was obtained. 

J degression as a tool in the biological assay of vitamin A. Pearl P. Swanson and 
Gladys H. Timson (by invitation), Nutrition Laboratory of the Foods and 
Nutrition Department, Iowa State College, Ames. 

Within limits, gain in weight of depleted rats is a linear function of the 
quantity of vitamin A fed. The proportionality between dose and response holds 
after gains induced by graded levels of vitamin feeding have been translated 
into international units by means of a 1 curve of response } fitted by the method 
of least squares. 

Significant correlations have been found between the increase in body weight 
during the test period and the age and weight of the animal at the end of the 
depletion period, the quantity of food consumed during this interval, and the 
length of the depletion period. 

By means of a regression equation involving the above factors and calculated 
from data on 577 female rats, the mean response of groups of rats to 0.5 
International unit has been successfully estimated. Information concerning 
expected behavior of individual A-depleted rats ready for supplementary feeding 
may be gained by the same regression. Those animals whose response can thus 
be estimated as erratic are eliminated at this stage, whereby, increased reliability 
of results is obtained with a decreased number of animals. 
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The influence of vitamin C level upon resistance to diphtheria toxin. C. G. Bang 
and M. L. Men ten (by invitation), University of Pittsburgh. 

Guinea pigs under controlled conditions and receiving definite daily quantities 
of vitamin C at abundant, protective, and sub-protective levels were given sub¬ 
cutaneous injections of standardized diphtheria toxin in 0.1, 0.3, 0.5, and 1.0 
M.L.D. quantities. The survival time was shortened about 50 per cent and loss 
in body weight was more severe when the animals were partially depleted of 
their vitamin C reserves, without showing external signs of scurvy. Contrasts 
in degree of hemorrhage and necrosis at the sites of injection were more marked 
than weight and survival differences. It is evident from the study that there is 
a wide zone of vitamin C deficiency, without the appearance of scurvy, where 
physiological processes are subnormal and the animal is more sensitive to injury 
from bacterial toxin. Histological examination of the tissues from a large number 
of experimental animals has confirmed the differences in degree of injury observed 
macroseopieally, and has also indicated a close relationship to certain human 
pathological conditions of particular interest is the relationship to arteriosclerosis. 

The effects of the plane of protein intake on the utilization of food energy and 

protein. E. B. Forbes, R. W. Swift, Alex Black (by invitation) and O. J. 

Kahlenberg (by invitation), Institute of Animal Nutrition, Pennsylvania State 
College. 

The effects of four planes of protein intake were studied in a 10 weeks growth, 
metabolism and body analysis experiment on forty-eight albino rats. 

The diets contained 10, 15, 20 and 25 per cent protein, and were made equi- 

caloric by compensatory change in carbohydrate and fat. 

The rats were selected as twelve groups of four individuals, each group being 
of one sex and of the same litter, the rats in each such group receiving the same 
energy but different protein intake. 

Growth increased with increase in protein to 20 per cent, but the 25 per cent 
group grew essentially the same as did the 20 per cent group. 

With increased protein but constant energy intake the digestibility of the 
protein increased slightly, and linearly; urinary nitrogen increased at an increas¬ 
ing rate, and protein of body gain increased at a decreasing rate. 

With increased protein but constant energy intake the feces energy decreased 
as the urinary energy increased, the metabolizable energy therefore being 
practically constant. The energy of the body gain and of the protein gain 
increased materially but of the body fat there was not significant gain. 

With increased protein but constant energy intake the heat production dimin¬ 
ished materially, which is considered to be due to the removal from the circulation 
of heat-stimulating nutrients, as results of improved nutritive balance and 
increased synthesis of body substance. 

The variability of the heat production of normal human subjects . Joseph Berk- 
son (by invitation), Halbert L. Dunn (by invitation) and Walter M. Boothby, 
Section on Biometry and Medical Statistics and Section on Clinical Metabolism, 
The Mayo Clinic, Rochester, Minnesota, 

A statistical analysis of the observations of heat production in relation to age, 
stature, and body weight has been made in a large series of normal human 
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subjects (641 males, 776 females). These included series of successive observa¬ 
tions made on the same individual (intra-individual) as well as single observations 
made on successive individuals (inter-individual). 

Particular stress is laid in this presentation on a study of the normal 
variability of heat production both intra-individual and inter-individual. 

1) Observations of heat production made on the individual correspond in general 
to the statistical bell-shaped * normal curve.’ When numerous observations are 
made on the same subject the concept of random variation is applicable to them. 

2) We found that the intra-individual variability accounts for a large part of the 
variation observed in single observations made on numerous subjects. 

Water balance . L. H. Newburgh and Margaret W. Johnston (by invitation), 
Department of Internal Medicine, University of Michigan, Ann Arbor. 

The weights of the following items need to be known in order to deal quantita¬ 
tively with water balance: Sources: 1) ingesta; 2) endogenous, a) oxidation, 
b) preformed. Losses: 3) urine; 4) stool; 5) vapor. In order to calculate 
water of oxidation, preformed water and water vapor, the subject is fed a con¬ 
stant diet of known composition and low in carbohydrate for at least 3 days 
preceding the period and continued during the study. Under these circumstances, 
he will metabolize the carbohydrate of the diet. The protein metabolism is 
calculated from the N excretion. The subject is instructed to adjust the clothing 
so that he will be comfortable, i.e., he is neither too warm nor too cool. 

Since I.W. (vapor) = I.L. (insensible loss of weight)—(CCV-O,), the weight 
of l.W. can be calculated as soon as the fat metabolized is known. This last 
value may be computed by means of the following equation: 

I.L.— (2.12 CHO + 10.56N) 1 

"s"78 

The total CO* and O a of the metabolic mixture may now be calculated and 
I.W. derived. 

The water of oxidation is calculated from the metabolic mixture and preformed 
water derived by comparing the diet with the metabolic mixture. 

The water of the ingesta, urine and stool, is obtained according to standard 
procedures. 

’Lavietes, P. H.: Journal of Clinical Investigation, 1936, page 57. 

The inter-relationship between nitrogen , calcium and phosphorus metabolism of 
pre-school children . Jean E. Hawks (by invitation), Merle M. Bray (by invita¬ 
tion), Marjorie G. Olsen (by invitation) and Marie Dye, Home Economics 
Section, Michigan Agricultural Experiment Station, Michigan State College. 

During 24 consecutive days, following a 20-day preliminary period, four normal 
pre-school children received a constant diet containing 3 gm. of protein per 
kilogram of body weight. For the next 24 days they had the same diet except 
that the protein was increased to 4 gm. per kilogram. Calcium and phosphorus 
remained constant. Food, feces and urine were analyzed for nitrogen, calcium 
and phosphorus. 
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Values for the fairly constant nitrogen retentions followed intake variations 
closely on the first diet and on the last 15 days of the second diet, but showed 
little correlation during the first 9 days following the diet change. On the second 
diet, nitrogen retentions were higher, calcium retentions slightly lower and 
phosphorus retentions slightly higher. 

The values for nitrogen, calcium and phosphorus retentions, expressed as reten¬ 
tion ratios, indicate an inter-relationship between the utilization of these minerals. 
The increased diet protein caused a greater nitrogen retention which possibly 
carried with it a slightly greater proportion of phosphorus than the nitrogen 
retained on the lower protein diet. It also lowered the Ca/P retention ratio 
suggesting an increased growth of tissue other than bone. It may have limited 
the amounts of calcium and phosphorus available for bone growth by depositing 
absorbed phosphorus with nitrogen. Thus it may have altered metabolic processes. 

The effect of various dietary principles on milk production . Ray G. Daggs, 
Department of Vital Economics, University of Rochester, Rochester, N, Y. 

The method for the study of lactation in rats, reported by title at the 1934 
meeting of the American Institute of Nutrition, is dependent upon two growth 
constants derived from plotting the logs of the litter weights from the fourth to 
the seventeenth day of life against time in days. Two straight lines are obtained, 
the break occurring at the tenth day. By combining the two slope constants a 
relative lactation index is obtained. The relative lactation value of different 
diets is shown by these indices. 

By using this method the lactation promoting factor, as determined from some 
300 experiments, was found to be present in liver, egg, beef round, kidney, alcohol- 
water extract of liver, diets of higher protein level (liver and casein), water 
extract of autolysed liver or egg, Witte *s peptone, blood fibrin, lactalbuwin, 
cystine and a combination of 1 part cystine, 1 part glycine and 1 part glutamic 
acid fed with only 12 parts of casein and the other constituents of the basal diet. 
This last mixture which simulates glutathione gave the best results, although 
cystine alone as a sujjplemeiit showed a remarkable effect. It is believed that 
cystine or glutathione acts in some way as a mammary stimulant. 

Two human cases to whom the amino acid mixture was fed showed favorable 
results. 

Continuous nitrogen and mineral balances during pregnancy , puerperium and 
lactation . Helen A. Hunscher, Frances Cope (by invitation), Helen R. Stern- 
berger (by invitation), Betty Nims Erickson (by invitation) and Icie G. Macy, 
Children ’$ Fund of Michigan, Detroit, Michigan. 

Continuous metabolic balance studies were made from the one-hundred and 
thirty-fifth day of the fourth pregnancy to the fifty-third day of lactation 
including the puerperium, on a healthy woman under our constant observation for 
6 years. 

The diet voluntarily chosen abounded in minerals, protein and vitamins from 
fruits, vegetables and 2 quarts of milk each containing 150 Steenbock units 
vitamin D (Vitex). Data on the storage of seven acid-base mineral elements 
and N are reported for twenty-eight periods of 5 days each during pregnancy 
and eight periods during lactation. The mean daily food intake during pregnancy, 
Ca, Mg, Na, K and N were as follows: 3.1, 0.6, 5.0, 6.6 and 19.0 gm. and their 
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retentions were 0.37, 0.11, 0.56, 1.40 and 3.06 gm., respectively. The ingestion 
of P, Cl and S amounted to 2.7, 7.7 and 1.5 gm. with resultant daily storage of 
0.26, 0.60 and 0,34, respectively. Although the balances were continuous and 
the ingestion fairly constant the storage fluctuated markedly resulting at term in 
a large maternal reserve. 

During lactation lowered rates of storage and even large losses were encountered 
as in previous short time balance studies. 1 The average daily balances for Ca, 
Mg, Na, K and N were —0.48, —0.03, + 0.47, + 0.87 and —0.56 gm. and 
for P, Cl and 8, — 0.37, + 0.30 and — 0.22, respectively 

1 J. BioL Cbem., vol. 86, p. 37 (1930); ibid, p. 59; ibid, vol/91, p. 675 (1931); 
ibid, vol. 99, p. 507 (1933). 

Cataract in rats fed on galactose . Helen 8. Mitchell, Division of Home Economics, 

Massachusetts State College, Amherst, Mass. Work done at Battle Creek College, 

Battle Creek, Mich. 

A previous publication reported the occurrence of cataractous changes in the 
eyes of all rats fed on rations containing lactose as the chief source of carbo¬ 
hydrate. Negative results with other carbohydrates tested led to an investigation 
of galactose as the next logical step. This sugar was fed to young rats at 35 per 
cent and 25 per cent levels corresponding to the galactose available from the 
70 per cent and 50 per cent lactose rations fed in previous experiments. 

Four rats on the 35 per cent galactose ration developed mature bilateral 
cataract in 12, 14, 14 and 37 days, respectively (average 19 days), whereas those 
on the 26 per cent galactose ration were somewhat more delayed. The average 
time for the development of mature bilateral cataract in forty-nine rats fed the 
70 per cent lactose ration was 10 weeks, approximately four times as long. 

Galactosuria was more severe on galactose than on lactose rations. The increased 
calcium content of cataractous eyes was apparent in a shorter time. Galactose 
rations caused no diarrhea—a consistent finding with lactose feeding. 

Rapid and complete absorption of galactose from the intestine, a slow glyco- 
gc ‘sis *~nd 1 w kidney threshold reported by previous workers seem to be 
indicats 

Degenerative changes in the lens capsular membrane due to galactose injury, 
followed by infiltration of inorganic ions might be sufficient to cause the pre¬ 
cipitation of proteins of the crystalline lens. 

Bole of the liver and pancreas in the dextrose tolerance curve . Samuel Soskin, 

The Metabolic Laboratory, Department of Physiology, Michael Reese Hospital, 

and Department of Physiology, The University of Chicago. 

It has been shown that the presence of the pancreas is not essential to the 
normal dextrose tolerance curve, while the presence of the normal liver is essential. 
One of the major factors in determining the occurrence of the normal curve, 
is a homeostatic reaction of the liver, in which it decreases its supply of sugar to 
the blood in response to the influx of exogenous sugar. 

These results and conclusions yield a new basis for interpreting those me* Jj lie 
disturbances in which abnormal dextrose tolerance curves occur. The application 
of these facts to toxemia, diabetes, starvation, high carbohydrate therapy and 
‘insulin resistance’ is briefly discussed. 
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